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FOREWORD

This is the seventh annual report in a study of the stability of
representative types of Civil Defense shelter foods and their containers
when stored for extended periods. The purpose of the study was to maintain
controlled storage conditions covering the range of conditions likely to
exist in warehouses and shelters in which, beginning in 1962, large quantities
of food were stored under the Civil Defense Shelter Program. These
included types of fcod not previously procured, representing new
formulations, processes and containers on which little or no long-term
storage information was available.

The first five reports were issued by U. S, Army Natick
Laboratories, Natick, Massachusetts 01760, under Contract DA19-129-QM-
2050(N) with University of Georgia. The sixth and seventh (present)
reports were issued by University of Georgia under the current subcontract,
for which the Project Officer is Dr, James F, Halsey, Civil Defense
Technical Office, Stanford Research Institute.

It is anticipated that the study will be concluded in 1970, s
reserve stocks of rations are sufficient for only one more complete
storage evaluation,

Sam R. Cecil

Food Scientist

Georgia Station,
College of Agriculture,
University of Georgia

APPROVED:
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ABSTRACT

Results are reported on the stability of 6 lots of fallout shelte:
cereal rations and 3 lots of carbohydrate supplement stored 6 and 5
years, respectively, at 70°P/80% r.h., 70°/57%, 40°/57%, and 0°/ambient
r.h, Cereal rations include‘'2 lots each of survival crackers, biscuits,
and bulgur wheat wafers. Samples of 7 items (2 crackers and 5 biscuits)
held 2-3 years at 70°/57% after withdrawal from warehouse stocks were
also examined, but samples of supplement and cereal rations held 5-6
years at 100°/807 and 100°/57% were omitted as unsuitable for further
storage. Data include (1) bursting strength, moisture content, and
general condition of V3¢ fiberboard cases; (2) residual oxygen,
leaking and condition of seams, corrosion, and coating defects of
2k-gallon and 5-gallon metal cans; (3) breakage of package seals,
seans or materials, and of product units; (4) fracture strength and
rancidity values of cereal items, (5) pH and sugar contents of -
supplement items, and (6) moisture content, color, sensory quality,
and hedonic ratings of all items.

ity




l &

STORAGE STABILITY OF CIVIL DEFENSE SHELTER RATIUNS
(ANNUAL REPORT)

Introduction

A storage gtudy was conducted over a six-year period to determine the
stability of representative types of Civil Defense shelter rations. At the
beginning of this period, 10 cereal items were deposited in storage over an
interval of four months, and 3 carbohydrate supplements were stored about a
year later. Determinations were also made of the stability of packaging
materials in which the rations were stored.

In September 1965 samples of & biscuit item in 2%-gallon cans were
removed from a CDM warehouse, and in Februsry 1967 two cracker items and
four biscuit itcms in 2%-gallon cans were drawn as part of a limited-scale
warehouse sampling survey, Extrs cens of these seven items were placed in
controlled storage at 70°F/57% r.h. as received, and results of the
original sampling and current values from controlled storage are included
in this report.

Manufacturing and general storage data for all coatrolled-storage and
warehouse items are given in Table L. Warehouses from which rhe seven
extra items were drawn were as follows:

Code Warehouse

WSl GSA/CDM NIRC Depot, Seneca, lllinois

WCS Naval Supply Center, Oakland, Califurnie
weoé Navel Ammunit{on Depot, Crane, Indiana

WB8 Atlanta Army Depot, Forest Park, Ceorgia
WB9 LSA/,CDM Depot, Rossford, Ohio

WB10 Atlanta Army Depot, Forest Park, Georgia
wBll GSA/CDM Sharonville Depot, Cincinnati, Chio

The storage period covered in the report was November 1967-February
1969. Average conditicns, and standard deviations above and below averages,
were:

Code ngg;rature Relstive Humidity
¥F/r.n. F percent
70/80 70.0, +1.1, -0.7 80,5, *1.9, -0.Y
70/57 70.0, 40.4, -0.4 57.9, +1.5. -l.1
40/57 40.0, 0.6, -0.4 $7.5, 2.4, -1.3

0/ amb 0.2, +2.8, -0.8 ambient (high)

The somevhat large deviations at 40/57 and G/amb canditions resulted
from defective functioning of cuntrol equipment and off-time required for
replacements. As recordings were made in room air spaces adjacent to the
stacks of rations, deviations within cases and cans probably averaged less
than those list. d.
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It is noted that the 100°F/80% r.h. and 100°F/57% r.h. conditions,
reported through the fifth year of storage ‘n 1968, are omitted here, As
a preliminary check to assist in deciding hcw to proceed with the 1968-69
examinations cf rations, 33 single-can samples were partially evaluated
(oxygen, rancidity values, flavor scores on cereal items, color and
flavor scores on supplements) in August 1968, and subsamples were sent to

Office of Civil Defense for sensory examination. These extra cans were as
follows:

Condition CD_Number
°F/% r.h. crackers biscuits wafers supplements
100/80 3 4
100/57 1 3 5 8 2 4 7 9 10 11 12 14
70/57 1 8 2 7 9 10 11 12 14
40/57 1 8 2 7 9 10 11 12 14
0/amb 14

Results for the 70°, 40° and O°F samples were about the same as those
which will be tabulated in the current report. Results for samples from
100°F were as follows:

panel scores residual rancidity values
color flavor oxygen _peroxides free fatty acids
crackers - 3.0+ .8 7.0 +3.9 15.3 + 10.3 .61 + ,22
biscuits - 2,5+ .7 10.6+7.6 13.5+ 6.4 1.01 + .24
wafers - 3.8+ .6 3.2+1.4 4.2% 1.9 .96 + 04
supplements 5.1 + .5 4.7 + .6 - - -

Based on these results, it was decided to omit 100°F storage from
further sampliny, and to conserve remaining rations at 70°F and below for as
full-scale sampling as possible after the seventh year (six for srppleneais)
of storage. Items remaining for examination during the current year thus
became those listed in Table 1, while these and CD3 and 4, CD5 at 70°/57%

and 0°/amb, and a warehouse wafer sample at 70°/57% are being carried into
the additional year.

For data contained in this report, samples consisted of two cans and
one casc from each storage condition, with the exception of the warehouse
items stored only at 70°/57%. Basic procedures and sample replicates for
the various observations and determinations included in the examinations
are given with the results and data reported below. Statistical treatment
of data employed standard procedures for analysis of variance, multiple

range testing for significance, and calculation of simple correlation coef-
ficients.

Methods and Results

1. Fiberboard (V3c) Cases

Entire cases were used for all "CD" items except cracker CNl., This
item and the seven warehouse samples, in 2%-gallon cans, were examined by

cemoving the center 1/3 of cases which had been sampled once and reclosed at
an earlier period.




TABLE 1 3
FALLOUT SHELTER RATIONS EXAMINED 1968-69 7
Item Units Pounds Contract Lot~ Manufacture Months Since Manufacture
ccde? 1b can number number date warehouse, contrclled i
shipping storage §
r
crackers: §
cD1 62 7.3 2692-62 F5 Sept 1962 2 73 i
CDh§ 91 12.7 2691-62 29,30 Nov 1962 3 70 ;
WwCS 128 7.2 2689-62 - Aug 1962 55 21
wee 62 7.4 2692-62 H1 Sept 1962 53 22
biscuits:
. CcD2 92 12,7 2686-62 0221,2,5 Oct 1962 1 73 A
f * Cn7 93 14.6 2687-62 6,7 18 Oct 1962 2 72 i
i WB1 66 6.7 1957-62 Al9 April 1962 42 ' 38 ¢
| WB8 63 6.2 30-541 02 Feb 1962 60 22
i WB9 129 6.1 1954-62 - March 1962 59 22 i
i WB10 66 6.0 1955-62 11 March 1962 59 22 {
} WB11 66 6.2 1957-62 23 March 1962 60 21 i
;o wafers:
cD9 22.9 33.0 2254-62 6 Oct 1962 3 71
Cp10 23.3 32.3 2254-62 10(HA) Oct 1962 3 71
supplements: 3
cp1l 120 34.3  24018-63 29 Aug 1963 7 59
D12 89 35.8 24016-63 25 June 1963 9 59 :
CD14 106 33.9 24013-63 0916 Sept 1963 6 59

a"cD" items are those of the controlled storage study. 'W'" items were samples
taken from warehouses in 6-can cases, with 2 cans used as sample and 4 cans
stored at 70°F/57% r.h, for further examination.
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Ten 4-inch squares were cut from available locations on side and end
panels of each case and placed in sealed containers before removal from the
storage room. Containers were then removed to a 73°F condition, allowed to
equalize at this temperature, and bursting strength determined as rapidly as
possible after opening the container, using a manually operated Mullen-type
tester.

1, Bursting ;trength (Table 2)

Cases of cereal items averaged practically no change in bursting
strength during the sixth year at 70°F, with average decrease of about 30
psig at lower temperatures, Supplement cases decreased about 10 psig at
70° and 30 psig at 40°F during the fifth year, with essentially no change
at 0°F. Mean deviatir- - from initial values, as given in Table 2, were as
follows for the last two years of storage:

Condition cereal item cases supplement cases
°F/% r.h. 5 vears 6 years 4 years 5 years
100/80 -178 - -87 -
100/57 -148 - -85 -
70/80 =47 =47 -8 -17
70/57 -7 -8 -1 -14
40/57 67 40 50 21
0/amb 54 22 34 36

The above changes in bursting strength suggest a general, though
variable, pattern with storage temperature. The decreases at 100°F took
place largely within the first four years, while values at 70°F were
fluctuating but not generally decreasing, and those at 40° and 0° exhibited
moderate increases. After about the fourth and fifth years, bursting strength
at 70° and lower temperatures, respectively, apparently began to decrease
slightly, although both of the lower temperatures still averaged above
initial at five and six years.

It can be seen from Table 2 that nearly all of the cases remain near
or above the specified 400 psig bursting strength, and that the warehouse
sample cases have changed very little in controlled storage at 70°/57%.
Although correlations of bursting strength with moisture content were quite
variable, deviations from initial values at 100° and 70°F suggest somewhat
greater reductions in bursting strength at the 80% r.h, conditions.

2, Moisture Conteut (Table 3)

Samples for moisture determinations were obtained at the same time and
in the same manner as those for bursting strength. Moisture was calculated
from weight losses of 5 grams of chopped fiberboard after heating 5 hours
at 100°C under a 29-inch vacuum,

Moisture values listed in Table 3 averaged 0.3 # ,2% lower than for the
previous year at 70°/80%, 0.0 #+ ,.3% in comparisons with previous values at




TABLE 2

SIS TING STRENGTH OF V3c FIBERBOARD
(pounds per square inch)

A. Cereal Item Cases Stored Six Years

Storage Items in Controlled Storage

°F/% r.h. cbL  ¢cbpd Cb2 CD7 CD9  CD10  std.dev. Mean

10 reps
Initial 485 535 451 483 498 463 33 486
70/80 411 528 486 477 373 359 27 439
70/57 440 557 480 492 470 426 31 477
40/57 454 595 510 559 525 510 40 526
0/amb 471 558 509 538 466 505 56 508
std.dev, 10 reps L8 51 40 37 42 33 "a 42
sign.dif., 5% 44 46 29 34 38 30 40 16
liean L4k 559 496 516 459 450 19P 487

Warehouse Samples Transferred to Controlled Storage
WC5 WC6 WBL WBS WB9 WB1O WBll std.dev. sign.dif. Mean

10 reps 5%

sample® 480 494 479 510 388 383 430 33 34 452
70/57 499 502 463 447 395 400 429 29 32 448

B. Carbohydrate Supplement Cases Stored Five Years

Items in Controlled Storage

Ch1l Ch12 CDl4 std.dev, Mean
10 reps

Initial 543 365 514 35 476
70/80 524 380 404 33 436
70/57 505 353 443 36 435
L0/57 493 421 479 23 464
0/amb 520 472 476 58 489

std.dev, 10 reps 56 37 26 42
sign.dif., 5% NS 3t 24 378 22
llean 510 406 452 19° 456

dSignificant difference for items in rooms.

Significant difference for item means,

Csample values vhen removed from CDM warehouses, before transfer to
controlled storage.

-
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70°/57% and 40°/57%, and 1,0 # .8% lower at 0°/amb, Levels varied with temp-
erature and relative humidity, averaging 10.9 +4 .2% at 70°/80% and 13.2 + .7,
at 0°/amb (high r.h.), but 7.6 # .2% at 70° and 8.9 % .2% at 40° in the 57%
r.h. rooms. There was apparently no serious damage from the higher moisture
levels; only moderate increases in staining of cases and slight increases

in bulging in stacks were observed. As mentioned above, there was some
suggestion of reduced bursting strength in fiberboard having the higher
moisture contents, but this was generally too variable for statistical
significance,

3. General Condition of Cases

vt e B s s s <

All the cases showed more or less avidence of staining and slight ''wear"
from handling in storage rooms which were also in use for other commodities.
The resulting 'slightly used'" appearance, however, had little influence on
their function as containers for the ration cans., Certain of the minor im-
perfections observed during the most recent examinations are given below;
ratings for extent, where given, are on a 9-point scale.

Loose Seals, There was no apparent increase in setting or cracking of
of adhesive on flap seals during the last year, nor have any seals ''come
unglued". Loose flap edges, from inadequate spreading of adhesive at time
of closing, were noted in approximately half of the cases of CD7, 10 and -
11 (mean rating 0.5) as before, but no damage resulted except slight
fraying of the loose corners of the flaps. Staples from 70°/80% did not
appear noticably rustier than after four to five years, and none of the -
staples were pulled out or broken,

Delamination., The only signs of delamination of the fiberboard were
some slight separations at the cut edges of the 1l warehouse and CD1 cases
which had been previously sampled and resealed with tape. Of the more than
600 cases examined during the entire period of the study, the only
delaminations not due to obvious physical damage were observed as one fairly
small area (a few square inches) midpanel in each of one case of CD6 from
70°/80% at two years, one of CD1 from the same condition at three years, and
one of CD8 from 100°/307% at five years. Defect ratings for these averaged ’
2,9 3+ 1.1, It seems probable that these areas were the result of fabrication
defects or damage not otherwise noted, as none of the other cases of these
or other items have shown any indication of being delaminated by moisture
absorption in the high humidity rooms.

Mold. Only two slight spots of mold (rating 1.0)were observed during
the sixth-year examinations, one in the inside bottom of warehousc sample
WB8 from 70°/57% and a similar spot in CD10 from 70°/80%. No molding of
outside surfaces of cases was found., The fact that most of the molding
observed during the study was noted during the first four years (small areas
inside and outside of about 207% of the cases stored at 70°/80% and 5% of
cases stored at 100°/80% and 70°/57%) would seem to indicate a general lack
of contamination during the later years, after moving into the new storage
rooms,
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°F/% r.h,

Initial

70/80

70/57

40/57
0/amb

std.dif., 2 reps .03

sign.dif., 5%

Mean

sample
70/57

Initial

70/80

70/57

40/57
0/amb

std.dif., 2 reps
sizn.dif,, 5%

ilean

TABLE 3
MOISTURE CONTENT OF V3c FIBERBOARD 7
(percent)
A, Cereal Item Cases Stored Six Years
Items in Controlled Storaue
cpl Ccp8 ¢D2 ¢n7 CD9 ¢D10 std. dif, Mean
2 rops

7.3 7.4 6.7 7.5 7.5 7.5 .03 7.32
11,1 11,1 10,9 11.2 10.7 11.0 .03 11.00
7.6 7.4 7.5 7.6 7.5 7.6 .04 7.54
9.0 8.7 8.9 9.0 8.8 9.0 .05 8.90
13.3 12.3 13.4 12,8 12,3 12.9 .05 12,82
.02 .07 .05 .04 .04 - .04
.05 .03 .13 .10 ,07 .08 .06: .03
10.24 9,85 10.20 10.14 9,83 10,11 .03 10.06

Warehouse Samples Transferred to Controlled Storage
we> wc6e wBl WBS WB9 WB1O WBll std.dif. sign.dif. Mean

2 reps 5%
8,0 7.5 7.9 8.0 8.0 7.8 7.3 .06 .12 7.78
7.6 7.3 7.5 7.6 7.6 7.5 7.1 .04 .07 7.47

B. Carbohydrate Supplement Cases Stored Five Years
ITtems in Controlled Storage
CDl1 CD12 CD14 std.dif. Mean
2 reps

7.9 7.6 7.8 .05 7.78

11.0 10.7 10.7 .05 10.77

8.0 7.6 7.9 .02 7.85

8.9 9.0 8.9 .00 8.96

14,1 14.1 13.8 .00 14.01

.06 .05 008 - 006

.10 .09 .16 .10* .06

10.50 10.36 10,32 .osb 10.40

lEignificant diilerence for items in rooms,

Significant difference for item means,

© -
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Sweating of Cases and Cans. In general, sweating of cases and cans
averaged about the same as previous high ratings (change 0.1 # .5) at
70° and 0°F, with an average increase of 0.4 + .7 at 40°/57%. By location,
average ratings, changes from previous high ratings, and deviations among
the cases from each storage room were as follows:

Condition outside of case inside of case staining of cans
°F/% x.h, rating _change rating _change rating  _change
70/80 1.1 -‘l' .7 00 d' '4 1.3 1' .5 .0 d' l6 1.4 * .6 ‘-3 + u3
70/57 B+ .6 ,0%.5 1.0 &+ .5 3% .5 1.0 + .6 i
40/57 1.0 2+ .8 .4 4,7 1.3+#.9 .5+ .8 1,0 + .6 2+ L4
0/amb 824 23,4 B F L 2,3 9 Y I -
warehouse 9+ .4 54,3 B+ .3 .24+ .4 A | 0+ .1

As seen, the staining of ocutside surfaces of warehouse sample cases was
about the same as that of the long-term storage cases, but more than half
of the warehouse case sweating has occurred since they were placed in the
70°/57% room. Staiuing of the inside surfaces of cases and outside of cans
were still considerably less in the warehouse samples than in the '"CD"
items, There are apparently two reasons for these differences: (1) cases
in the storage rooms, under continuous control and in active use, are more
exposed to fluctuations which can result in sweating and staining than are
those in the more "inactive" conditions of the warehouses, and (2) all of
the warehouse cans were 2%-gallon type, which have proven much less
subject to staining and corrosion than the 5-gallon cans in which five of
the six CD items were packed.

Although somewhat unsightly in a few instances, none of the staining
of cases or cans was severe enough to interiere with continued utility in
storage.

Collapse. As noted in previous reports, cases are stacked only three
high in the controlled-storage rooms, so do not furnish any real test of
collapse. The ratings used are for bulging of sides and ends until tops
and bottoms of cases rest firmly on the cans, which have shown no indication
of collapsing except in a few instances of partial crushing during shipment.
Yean ratings for bulging for the current examinations were 1,0 = .3 at
70°/80%, an increase of .3 + .5 over previous ratings, and 0.5 2 .3 at
other conditions, a decrease of .2 & .5, The lighter cracker and biscuit
cases, averaging 35 lbs, rated 0.4 I .4; heavier wafer and supplement
cases, averaging 75 lbs, rated 0.3 3 .3. The only difference between
warehouse cases and the CD cracker and biscuit cases was that three of
the warehouse cases averaged 1.2 i .6 lower than when originally sampled.
These had damaged ends when received, and these ends were used, leavinz
the undamaged 2/3 of each case for continued storage and current
examination,

4, Condition of Case Markings

There has been very little change in condition of case markings
since the rations were received for storage. Fading of print, which averaged
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0.3 & ,2 after 5 years at 100°F, averaged 0.2 + .1 for all cases examined
from lower temperatures at 6 years--warehouse cases at 70°/537% averaged

0.3 + .2, 1In all instances, changes from previous values averaged

0.0 +# .3, indicating no apparent storage or time effect, Blurring of print
has increased somewhat with handling of the cases in periodic sampling,
high values being reached at various periods between 2 and 5 years, with
average high at 4 years., Current ratings for blurring average 0.4 + .3,
down 0.2 #+ .3 from previous highs; warehouse cases averaged 0.5 #+ .4, the
same #+ 0,2 as when received. Thus there is still no indication that case
markings may become {llegible unless painted over or scrubbed off.

II. Metal Cans

Cans of cracker CD1 and the seven warehouse samples were 2k-gallon type,
containing 5.8 to 7.2 lbs. of crackers or biscuits. All others were 5-
gallon type, containing 12.8 to 14,0 1bs of crackers or biscuits, 32 to 33
lbs cf bulgur wafers, or 3¢ to 36 lbs of carbohydrate supplement. All
samples consisted of two cans each.

1. Residual Oxygen in Cans (Table 4)

Oxygen remaining in the can space was determined as the lowest reading
obtained while passing gases from the can through a direct-reading oxygen
analyzer adjusted to a fresh air reading of 20.9% by volume. Determinations
were made only for cereal items.

As seen in Table 4, the oxygen pattern was quite variable. Among the
62 cans of cereal rations were 7 definite leakers /6 of them in the 2%-
callon cans), all having higher oxygen vaiues than at some previous examination.
Cf 18 questionable leakers, however, only 19 were higher than previously,
and 13 of the 37 non-leakers were also hi _her (10 of these were wafers).
Thus the possibility of undetected slight leaks was again suggested. A
summary of mcan values among the 53 non-leakers and 42 leakers (including
single-can samples of August 1968), as compared to previous low values,
is as follows:

Condition peevious .ow salues values at six years

°F/% r.}. months % _oxygen nonleakers leakers
100/80 43 + 19 5.0 # 2.1 5.3 19.6
100/57 54 ¢ 12 2.9 ¢+ 1.3 2.1 #1.3 12.2 +# 5.0
70/30 56 + 6 8.9 £5,2 7.3 +5.2 13.9 # 2.0
10757 53 ¢+ 14 8.7 + 5.1 8.2 # 3.5 16.4 » 2.8
40/57 53+« & 12.5#5.6 8.5 + 5.6 16.4 « 2.5

0/amb 46 # 7 15.6 & 3.1 15.8 # 1.6 20.2 # 0.6

The large deviations resulted mostly from differences in oxygen levels
among the three cypes of products., Reference to Table 4 will show that
oxygen was lov in wafers except at O°F, higher in crackers. and highest
fn biscuits. For example, at 70°F wafers average arournd 2%, crackers 7-10%,
biscuits 12-15%.
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Wafer cans contain considerably greater weight of product per umnit
volume, although probably not a greater relative surface area, but crackers
and biscuits are quite similar in both weight and surface area. Thus there
seems to be a differential absorption pattern among the three products.
Apparently crackers and biscuits, and at least some of the wafers, retain
sufficient oxygen to support the increasing oxidation reactions observed
during the current period in both the items included in the storage study
and in samples from representative warehouses examined by U.S. Army
Natick Laboratories.

2, Leaking Cans (Table 5)

Leaks were detected as streams of bubbles when cans at 73°F were
immersed 2 minutes in water at 103-105°F; questionable leakers were those
cans emitting only a few bubbles, but whose oxygen, moisture or rancidi y
values indicated that leaking had probably occurred.

The percentages cf leakers and Quebtionable leakers given in Table 5
include the 33 extra cans opened in August 1968 for partial examins“ion,
and all cans examined as warehouse or shelter samples.

The periodic comparisons of leskers indicated that leaking is increasing
with storage in most of the cans of rations, but not in all. 1Iltems CD4
(2%-gal can) is the extreme--54% leakers and 21% questionsble the first 3
years and 1007 leakers thereafter. Item CDl1 had 17% leakers and questionable
leskers at 0-3 vears, 26% at 4-5 years, with sbout equal numbers in each
leak category. Items CD3 and 6 averaged ca 19% leakers over 5 years with
little evidence of increase, but questionable leakers were up from 4% at 3
years to 21% during the fourth and fifth., CDl wvas similar, having 7% leakers
over 5 years but increasing in questionable leakers from 6% to 21% betweer
3 and 5 years; this item, however, had 45% leakers and S5% uvestionable at
6 years.

Warehouse samples were well up in the listings, averaging (3% leakers
and 18X questionable during the fourth year, with 28% leakers and 0%
questionable in the 2k-gallon cans examined during the sixth year.

Three items, CD7, 8 and 12, apparently had seams which were adequate
for 3-4 years, vith leaks beyond this period. (D12 had zbout 3T total throu-h
J years, then 21.7% each of leakers and questionadble aZ 4-5 years., CD7 and
0 had no leakers except s {ev damaged cans for 5 years, then 141 leoakers
at 6 years; questionable leskers averaged 21 ac 0-3 years, %% at 4-5 years,
and 18% at 6 years.

In contrasc to the above, five ftems have shown little or no ‘acrease
of leaking with storage. CD5 and 13 averaged £X lcakers and 5% questionable
during the first 3 years, 6% leakers and none questjonsble at &-5 years.
02, 9 and 10 have had practically ac leskerr: at sty eramination, with less
than 2% questionable at 0-3 yesrs, 10% questionable at 4-5 years, but only
3% questicasble (one can) at 6 years. Thus it seems apparent that leaks in
these items resulted from fncidentul demage or faulty seaming, with no
definfite storsge effect.

10

it Ban At g apeet <ot




TABLE 4

RESIDUAL OXYGEN IN CANS OF CEREAL ITEMS STORED SIX YEAXS

(percent by volume)

-rStornge _ ltems in Cmtrolled sr.orag ‘
SF/% r.h. cDL  Cp8 CD2 CD7 CD9 CDI0  std.’ic. Mean
' Cay.~ ' 3
Initial 19.3  20.4 20.1 20,4 16.6 17.0 48 18.94 |
70/80 8.9 9.9 124 164 1.2 1.2 1.46° 8.00 ;.
70/57 8.9 8.4 124 164 39 2.6 .50 8.40
40/57 3.9 11.9 15.9 18, 9b 2.4 3.9 .50, - 11,15
0/amb 1.9 19.4% 18.9% 20.7 p 15:9 151 2.80°  17.32, 1
ltd.dif‘,CCnC 3.60 .62 083 87 o‘“ .8, . lt62 ;
sign.dif., 5%  S.60 1,21 1.63 - 1,71 .86 1.71 L. 61¢ .9
Mean 11.40° 12,40 16.90 17,10 5.85 s.65  .ed  m22.
. _Warehouse Ssmples Transferred to c«:etolled Stots | .
WC5 WC6 WBl WB8 WB9 WBIO wBLl std.dif. sian.dif. Mcao '
. , - cans ) T ) i
sample 11,4 7.9 17.8_°13.7 18.6, 20,9 14,9 1.26} 2.10  15.03
70/57 9.9 6.9 15.9" 14.7% 16, 9_ _19.9” 13.9% .z.ub 14.01

325

:anstiombh lukcr(l) ' ) R PRS-
Leaker(s). Definite leakers, omitted except in HIIO (both cnna) and. i I 3 '
standard difference values viere indicated, nvcu;&d 3. 6 i- 1.5% hzghct than ;
nonlulmﬂ sod questionable leakers.

dsuntﬂcunt difference for items :in rooms.

Significant difference for item means,

11
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Can Seams. On 4 April 1969, side and top seams of cans CD1 and CD4
(2k-gallon) and side, top and circular 1id seams of cans CD2, CD1l and CD12
(5-gallon) were filed, spread and examined under magnification. The single
side seamz of the 2k-gallor cans proved to be double-lapped seams soldercd
ingice against the can body, with about & inch of outside soldering at the
top (possibly where solder had run through at the cut top edge of the can).
The two (diagonal) sidc seams of the 5-gallon cans were similarly lapped,
but soldered into the seam from the outside, Top (and bottom) seams of the
larger cans are also double-lapped soldered seams, the solder having been

- applied to seal the laps against the outside surface of the can. There has

been practically no icsking from any of the soldered seams of 2%-gallon or

"S-gnllon cans.

The top cir»ular 1i¢ seams of S5-gallon and top (and bottom) rectangular
seams of 2-gallon cans were all (of the five items exsmined) double-
lapped compound-sealed seams; {.e., standar¢ double seams., The compound of
the circular (5-gallon) seams was located between the outside of the body

- flange snd the standing part of the rolled 1id overlap, thus providing
a relatively thick layer of secalant. The compound of CD2 was apparently
.quite fiexible and adhesive, while that of CD12 was slightly less so, and

- the compound of CD1l seemed somewhat set and non-flexible, CDll seams were

also slightly more tightly and flatly rolled, particularly as compared
to rhose of CDZ,

The double seams of the lids of CD1 (24-gallon) appeared to be good,
but the compound was spread somewhat thin, extending down into the bottom

-of the 1id roll, and though flexible, had lost its “"tackiness”, The seams

of CD& (10G% leakers after the third year) were much shorter and tighter,
apparently from a short base plate and tight seaming rolls, so that the
body flange had failed to reach into the bottcm turn of the 1lid roll in
some places. The compound was aslso thin, non-flexible, and in some sections
alwost flaky. ’

~ Thus the relative conditfion vf the can seams was well correlated with
the pattern of leaks observed in the various {tems. From this pattern, it
seems probable thst defective double scaming and improper application oi

- seaming compound (at least for long-term storage) have been the major

causes of leaking cans. These defects can be prevented, as wes apparently
done with items CD2, 9 and 10 and could ba done even with the side and end
seam overlaps oi the 24-gallon cans (a predominant location of leaks
observed). It should therefore be possible to use these types of cans,
with proper carv in sesming, for packing in nitrogen satmospheres tc

reduce the oxidation of the rations and prolong shelf life beyond that
currently pradicted for the present stocks.

12
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TABLE 5

LEAKING CANS

(as percentage of cans examined)

Total

Cans?®

estionable Leakers

0-3yr® 4-5 yr 6 yr All

Definite Leakers

4-5 yr 6 yr Al18

0-3yr

1tems

(2%-gal)

Chl

CD3

Ch4
warehouse

(5-gal)

12112900582
L ]
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14112200293
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3. Defects of Can Coatings (Table 6)

Practically the only defect observed in the '"metallic' coatings of the
2%-gallon cans (CD1 and warehouse cans in Table 6) was removal by abrasion
in handling the cases of cans during shipment and sampling. Ratings for
this defect averaged 0.4 3 .2, lower than previous highest ratings by 0.5
at 70°/80%, 0.3 & .2 at 70°/57%, and 0.1 at the lower temperatures. There
was no peeling, and very little removal of coating by corrosion.

Tne predominant defect of the resinous type coating of the 5-gallon cans
was uneven application, with some peeling immediately adjacent to “wiped"
areas along seams. A small amount of loosening of coating by corrosion in
thinly-applied spots and '"wiped' areas was noted at 70°/80%. There was
also sume abrasion, but aot enough to be considered a major defect., As
seen in Table 6, mean ratings varied considerably l.v items., The general
mean was 1,25 & ,42 at 70°/80%, with 0.8 + ,3 at other counditions.

Individual ratings averaged lower than previous highs by 0.6 * .3 at 0°F,
and 0.4 ¥ .4 in the three higher-temperature rooms,

There was not, nor has there been on previcus examinations, any
evidence of softening of the coatings. The slight to mcderate yellowish
discoloration observed on some of the 5-gallon cereal item cans at 5 years
was not seen at the present period. 1In general, all coatings appeared
satisfactory for continued storage.

‘. Corrosion of Caas (Tables 7 and 8)

External corrosion of can surfaces was practically ali in the form of
slightly pitted dark red spots of rust, Much of it was located at or near
seams of the 5-gallon cans, where coating had been removed or failed to
adhere to "wiped" areas near the solder lincs. There was also some rust in
thinly-coated spots, and some in areas where coating had been scraped thin
or remcved by abrasion in handling. The latter was apparently the only
cause of corrosion on the 2%-gallon cans, which had no external solder
except a few spots at the ends of the side seam.

The fact that practically all rust was dark red indicates that the
corrusion was quite slow and long established--new rust is bright red, As
seen in Table 7, 2%-gallon cans had relatively little except at 70°/80%
(rating 1,3); the mean rating for cans of this type at 70°/57% was 0.3 + .2
with 0,15 2 ,05 at lower temperatures. Mean ratings were lower than
previous highs by 0.1 &+ .2, also indicating no "active' corrosion during the
sixth year. The 5-gallon csns averaged 1.7 + ,8 at 70°/80%, 0.8 % .5 at
the 57% r.h. conditions, and 0,7 < ,3 at QO°F,

b

Internal corrosion was largely dark surface discoloration where product
wrappers or unwrapped hard candies touched can walls. Practically all was
of the 'dark smudge'" type, with very little pitting. As seen in Table 8,
there was somewhat more of this in cans from 7C’F than from lower
temperatures, particularly in carbohydrate supplements. Otherwise differences
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TABLE 6 . S
DEFECTS IN CAN COATINGS i S
(0-9 scale, 0 = none) . ‘
A, Cereal Ttem Cans Stored Six Years : é .
Storage - Items in Controlled Storage L %
. °F/% r.h, cbL  Ccb8  CD2  CD7  CD9  CDI0 - std.dif.  Mean i
i _ S ) " cans 5
Initial 1.2 .5 1.0 .7 .6 .5 . .28 U7 o &
! 70/80 .3 1.2 .9 1.0 1.8 16 - .32 - 1,13 i
¥ 70/57 3 1.0 .8 .8 1.0 .8 .26 78 T
H 40/57 .3 .7 .5 .6 S B T | W26 5 68 B IR
0/amb .5 .5 .5 .3 1.0 - .7 . A7 . 58 - %
- std.dif.,cans 20 .23 .18 .37 .30 A8 i e W25 - 37
Lo sign.dif., 5% NS A& 36 NS .59 .35 .39:-@: =17 i
E Mean .35 .85 .68 .68 1,18 © '1.05 2227 .80 3
-__Warehouse Samples Transferred to Controlled Storage . f{ )
WC5 WC6 WBL WBS WBS WBI0 WBLL std.dif. sign.dif. Mean. 5
] cans 5% ) 'i
e sample .8 .6 .7 .8 .9 1.1 L L24 40 T4 Z
: 70/57 .8 .2 .3 4 o .6 .2 W11 .18 W4l :
3‘ B. Carbohydrate Supplement Cans Storeé Five Years i
Items in Controlled Storage ‘ “ e
CD11 CD12 CD14 std.dif. Mean s
cans H
Initial .5 7 ] .30 .57
70/80 1.8 .6 1.1 .39 1.17
70/57 1.3 .5 .9 .20 .90
40/57 1.1 5 1.3 .39 .97
0/amb .9 W5 1.2 A .87
std.dif.,cans .53 .20 .27 - 37 . .
sign.dif,, 5% NS NS NS .592 NS N
Mean 1.28 .53 1.13 .29P .98 E
-
agignificant difference for items in rooms, ‘
Significant difference for item means,
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TABLE 7

EXTERNAL CORROSION OF CANS
© {0-9 scale, 0 = none)

- A, Cereal Item Cans Stored-Six Years

Storage Itemé -in Controlied Storage

°Ff% x.hs . CDL.  CD§  CD2° CD7  CD9  CDIO  std.dif. Mean
R cans
Initial 2 1.0 0. 1.0 0 .7 1.1 .51 .68
S70/80 G . 1.3 1.5 1.2 2.0 2.5 2.3 .29 1.80
,70/§7 .2 .6 .5 L6 1.1 1.0 17 .83
40/57 . o .2 .5 .3 v .8 1.4 .20 .65
~ 0/amb DR | 6. .5 .5 1.0 .9 .19 .60
std.dif.,cans .18 .18 - .23 .20 .25 .25 " 4 .23
sign.dif., 5% .35 - .35 A L0 49 49 .33 .16
‘Mean < .45 .80 .63 1.20 1.35  1.40 .28 .97
Warehouse Sampies Transferred to Controlled Storage
WC5 WC6 - WBl WB8 WB9 WB1O WB1ll std.dif. sign.dif. Mean
- e S cans 5%
sample- .3 .4 3 i .5 5.2 .30 NS .32
.30

70/57 3 ..5 .1 .3 N .3 .2 .29 NS
- B. Carbohydrate Supplement Caﬁs Stored Five Years

Items in Controlled Storage

cDil CD12 CD14 std.dif. Mean
- cans

Initial 5 .6 2 .20 W41
70/80 2.6 A 9 .74 1.30
70/57 .9 A .5 , .17 .60
40/57 A .6 1.9 .60 .97
0/amb .5 A 1.3 .82 .73

std.dif.,cans .63 .15 . .88 - .63
sign.dif., 5% 1.23 NS NS 1.018 .46
Mean 1.10 W5 1,15 .49b .90

8gignificant difference for items in rooms.
Significant difference for item means.

16




TABLE 8

INTERNAL CORROSION OF CANS
(0-9 scale, 0 = none)

A. Cereal Item Cans Stored Six Years

Storage Items in Controlled Storage

°F/% r.h. Ccpl CcDng CcD2 CcD7 ¢p9 CD10 std.dif. Mean

cans
Tnitial 1.0 1.3 .1 .6 72 46 .14 .71
70/80 .9 .9 6 1.0 .9 1.0 .17 .88
70/57 1.0 1.2 6 1.0 .8 .8 .22 .90
40/57 .6 1.1 A .8 1.0 .7 .31 T7
0/amb .5 1.0 A .9 .7 .7 .24 .70
std.dif, ,cans .32 .15 .18 .25 .30 .18 - .24
sign.dif., 5% NS .20 NS NS NS NS .348 .13
Mean .75 1.05 .50 .93 .85 .80 170 .81

Warehouse Samples Transferred to Controlled Storage

WC5 WC6 WBl1 WB8 WB9 WB1O WBll sitd.dif. sign.dif. Mean

cans 5%
sample .7 .5 .6 .1 4 1.0 o7 .26 .43 .56
70/57 .3 .5 .8 6 1.1 1.0 .5 43 .72 .69

B. Carbohydrate Supplement Cans Stored Five Years

Items in Controlled Storage

CD11 CD12 CD14 std.dif, Mean
caneg

Initial .5 .7 b .13 .55
70/80 1.4 1.1 1.0 74 1.17
70/57 1.6 1.2 .9 .48 1.23
40/57 1.0 .8 .7 .12 .83
0/amb 1.1 .5 .8 .40 .80
std.dif, ,cans .75 .30 .23 - .49
sian.dif., 5% NS 42 NS .75; .31
Mean 1.28 .9 .85 .33 1.01

dgignificant difference for items in rooms.
Significant difference for item means,
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were apparently item or can variations, as there was no consistent correlation
with extent of wrapper damage in cereal products or with moisture content

in any of the rations. The smaller cans averaged slightly less than the
larger, but again there were large variations among individual items,

Supplement item CD1l averaged 0.4 + .2 higher than at previous
examinations and warehouse items varied as seen in the data, Other items
averaged 0.4 + .5 lower at 70°/807% and 0°/amb, 0.3 + .4 lower at the 57%

r.h, conditions, Thus internal corrosion apparently is not a serious
problem, excepting some discoloration and a slight '"metallic'" taste in pieces
of hard candy which were in contact with the unprotected walls of the cans,

Through the sixth year, no leaks have been attributed to any type of
corrosion except some perforations resulting from dripping water in two
Arkansas cave shelters inspected in 1966,

I11. The Rations
A. Cereal Items
1. Condition of Packages (Tables 9 and 1ll)

Percentages of broken seals and torn packages were calculated from 15
packages per can for CD1l and the seven warehouse items, 24 for CD2, 7 and
8, and 126 for CD9 and 10. Only breaks large enough to allow one unit of
product to slip out of the package were counted, thus omitting many small
corner perforations which allowed some of the crackers or biscuits to touch
the can wall.

Broken Seals. As seen in Table 9, broken seals apparently varied with
individual cans, types of pack and types of wrapping materials, with little
or no consistent time or temperature effect. Total breaks were higher than
usual in the glassine packages of cracker CD8 (previous average 11.8%),
lower in the light waxed paper of biscuit CD7 (previous average 2.9%). Results
for cracker CD1 (glassine, quite variable, mean about 7%) biscuit CD2 (heavy
waxed paper, no broken seals) and wafers CD9 and 10 (glassine, but compactly
packed) averaged about the same as on previous examinations, Differences
among warehouse samples were similar to, though not as great as, those among
the items of the storage study.

Torn Packages. With the exception that the range of torn packages
(0-97%) was greater among warehouse samples, tearing of the wrappers appeared
to vary much as did breaking of seals; i.e., with type of wrapping material
used, compactness of packing in cans, and handling 'shocks" to which individual
cans had been subjected, Data in Table 9 indicate that the wrapping materials
of items CD2, WC5, WB8 and WBY9 were definitely superior to those of items
such as CD8, WC6, WB1 and WB1l0. The main differences were in brittleness
of the material and amount of wax coating available for holding the scals.

18




TABLE Y

PACKAGE DEFECTS IN CEREAL ITEMS STORED SIX YEARS
(as percent of packages)

Condition Items in Controlled Storage
°F/% r.h. ¢pl  cr8  ¢cp2  cp7 CDY CD10 std.dif. Mean
cans

Unsealed Packages:

Initial .55 1,75 00 2,45 .20 .73 2,09 .94

70/80 .0 20.8 .0 .0 0 4.0 13.63 4.13

70/57 .0 35.4 .0 .0 A 3.6 8.52 6.56

. 40/57 .0 16.7 .0 .0 .8 .8 6.84 3.04
, 0/amb 30.0 8.3 .0 2.1 1.6 A 15.32 7.07
std.dif,,cans 16.67 22.92 - 2.09 - .89 .98 - 11.62

sign.dif. 5% 26.74 NS - NS NS 1.92 19.70: NS
Mean 7.50 20.31 .00 .52 .70 2,18 8.48 5.20

Torn Packages:

Initial .55 1.40 .00 3,83 .40 .07 3,64 1.04
70/80 0 16.7 0 4.2 .8 .0 14.03 3.60
70/57 .0 35,4 .0 .0 .8 o 8.54 6.10
40/57 .0  66.7 2.1 4.2 .0 .0 26,12 12.15
0/amb 3.3 39.6 .0 25,0 .8 .0 35.51 11.45

std.dif.,cans 3.33 50.91 2,09 25.69 1.13 .40 - 22,98

sign.dif. 5% NS NS NS NS NS NS 38.97: NS

Mean .83 39,58 .52 8.313 .60 .10 16.77 8.33

Warehouse Ssmples Transferred to Controlled Storage
WC5 WC6 WB1 WBS WBY WBIO WBll std.dif, sign.dif. Mean
cans S%

Unsealed Packages:

sample 10.0 16.7 3.3 6,7 10.0 16.7 20.0 19.80 NS 11.90

70/57 0 6. 13.3 .0 .0 3,3 13.3 14.48 NS 5.24
Torn Packages:

sample 6,7 50.0 47.8 0 3.3 96,7 10,0 19.63 32.82 32,06

70/57 0 33,3 46,7 .0 .0 96.7 3,3 136.87 63.35 a25.11

agignificant difference for items in rooms.
Significant difference for {tem means.
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Total Packages Broken. Comparison of the data of Table 9 with total
breakage of packages in Table 11 shows that items WC5, WB8 and WB9 had no
broken packages, with only 0.5% torn packages in CD2, Total seal breaks :
and torn packages were few in wafers CD9 and 10 (1.9%), somewhat higher
in CD1 and 7 (8.6%), and moderately high in WB1l (16.7%), 13.3% of the
latter being seal breaks,

Tearing of thin, brittie '"'glassine" caused most of the breakage in
the four items having seriously defective packages. Cracker WC6 had
36,7% broken packages, 33.37 torn (70% with 60% torn at the first
examination); biscuit WBl had 46.7% broken, ali torn; biscuit WB10O had
96.7% broken, all torn, Storage cracker CD8, the only item with more
defective packages than on any previous examination, was relatively high in
both types of breakage, having 39.7% torn (6.7% of which also had loose
seals) and an additional 13,.3% with broken seals. Thus it seems obvious
that the thin, lightly-waxed, brittle wrapping materials should not have
been used for the crackers or biscuits, which have sharp corners and fit
loosely in the cans,

2. Breakage of Products (Tables 10 and 11) ;

As crackers and biscuits were baked in 2-unit or &4-unit layers, procduct
breakage was calculated as separation at the score lines between units and ;
fracture of individual units. Can totals used for these estimates were as q
follows: 7

score lines units score lines units
Ccpl 228 456 WB1 222 444
CD8 584 1168 WBS 198 396
WC5 924 924 WB9 788 788
weeé 232 464 wWB10 198 396
CD2 1172 1172 wBll 204 408
Ccb7 1364 1364

Wafers CD9 and CD10 both had 756 units per can, packed six per package
as i{ndividusl units without score lines,

Score Lines Broken. As on previous examinations, there was little or
no indication of time or temperature effects on breaking of crackers or
biscuits at score lines or crumbling of edges of wafers. Data i{n Table 10
fllustrate the general magnitude and varistions which have been cbserved
in this type of breakage. As seen, variations are apparently characteristic
of items, and undoubtedly reflect some effects of handling of the products
during shipping and storage. Item means are near averages of earlier
examinations for crackers, biscuits and wafer CD9; wafer CD10 ave aged about
20% lower than at earlier periods.

Unit Breakage. Data given in Table 10 include 4,7% crushed units for
cracker CD8 and 1.4% crushed for biscuit CD7; warshouse samples had 4,71
crushed in WBl and 7.9% crushed in WB10. Eight of the twenty cans examined
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TABLE 10

PRODUCT BREAKAGE IN CEREAL ITEMS STORED SIX YEARS

(as percent of total unit)

Condition Items in Controlled Storage
°F/% r.h. £&nl Ccn8 cb2 cn? cD9 CD10 std.dif, Mean
cans
Score Lines Broken or Edges Chipped®:
Initial 7.2 6.1 4,2 10,1 18.9 28.4 9.21 12,48
70/80 17.7 4.3 2,6 11.6 20.2 39,5 7.75 15,97
70/57 8. 11.1 12,8 17.4 13l.4 22.0 8.47 17.25
40/57 21,0 20.1 4.5 9.8 29.3 18.5 6,99 17.21
0/amb 37.4 5.1 5.9 7.3 26.1 26.9 11.24 18.11
std.dif.,cans 18.36 2.81 2.52 5.58 6.%6 5.57 - 8.76
sign.dif., 5% NS 5.51 4.94 NS NS 10.93  14.77° NS
Mean 21.24 10.17 6.45 11.50 26.72 26.74 6.40° 17,13
Unit Breakage:
Initial 7.6 17,6 1.9 4.3 oh .5 6,27 5.38
70/80 7.8 9.9 3.1 7.6 .0 N 3.78 4,84
70/57 8.4 28.5 4.0 4.8 .0 .0 3.95 7.62
40/57 9.5 28.2 2.1 6.7 .0 .0 6.88 7.76
0/amb 15.7 18.3 1.7 4.4 2 .0 6.71 6.71
Std.dif. ,C.ns 8088 9.59 1.01 3032 020 .60 - b 5.53
sign.dif,, 5% NS NS NS NS NS NS 8.73 NS
Yean 10.35 21,22 2.73 5.90 .05 .15 4.04¢ 6.73
Warehouse Samples Transferred to Controlled Storage
W5 WC6 WB1L WBS WB9 WBIO WBll std.dif. sign.dif, Mean
cans 5%
Score Lines Broken:
sample 6.6 61,3 23.7 4.8 30,7 54,4 25.% 10,47 17.50 29,57
70/57 8.4 39.0 29.5 3,0 230.7 53.3 15.3 9.82 16.42 25.60
Unit Breakage:
sample $.) 8.7 20.0 6.8 1:0.4 2v.2 5.6 8.88 14.85 18.03
70/57 3.2 11.5 18.7 6.8 7.7 22.8 4.3} 7.04 11,91 110.72)

$iafers CD9 and CDI0 were separate units vithout score lines,.
b$£¢nlflcant difference for items in rooms,
CSignificant difference for item means.
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in these four items had been dented in packing or shippiang. apparently
contributing to the high percentages of package and product damage observed.
Among other high-damage items, crackers CD1 and WC6 and biscuit WB9 had
"cupped” to varying extents in the layers during baking, which was

probably the cause or one of the causes of the high score-line breakage
and moderately high unit breakage foun! i{n these samples. Unit breakage E)
for the other, more nearly '"normal' stordge and warehouse items was somewhat
lower than the means of previous exsminations.

Total Product Breskage. The percentages of total product breakage
given in Table 11 {nclude only half of the score-line breskage of Table 10
for items CD1l, CD8, WC6, WBl, WB8, WB10O and WBll, as each of these had
twice as many units as score lines (i.e., baked in 2-unit layers). For
the other six ftems total breskage is the sum of score-line (or edge, CD9
and 10) and unit breskage.

In evaluating the detrimental aspects of breakage, the type of damage
must be considered. (nly 0.1% of the total 26.81 damage to wafers was
broken units, 26.7% being crumbling of edges. As package damage averaged
only 1.8%, the crumbled edges would make little difference f{n utilization
a2f the wafers i{n shelter practice. Even the intact wafers crumble when
eaten, so the package would normally be used as & "dish" to retrieve all
of the crumbs as the ration is being consumed. Score-line breaks, which
ranged 3.0 to 53.3, mean 20.8% in the eleven cracker and biscuit items,
would also be no particular nuisance in servicable packages. Thus the
breakage observed in items CD2, WC5, WB8 and WB9 would offer no problem,
vhile that of CD7, WBll, and even CD1 (8.3% packages, 20.9% prcduct) woyld
probably cause only minor inconvenience.

The "problem' items, therefore, would be those such as CD8, WC6, WBl
and WB10. These aversged 33.0 + 15.7% broken score lines, 18.6 #+ 4,42
broken units (34.7 + 9.1% total breakage) in packages with 10.9 + 6.6%
broken seals, 54.1 3 25.1% torn sides (58.3  23.0% total package damige).
Distribution of rations damaged to this extent in a shelter would alwost
be a precess of picking out the paper and scooping out the pieces and ’
crumbs This, of course, {llustrates the importance of using good,
adequately wexed wrapping materials, and handling cans and cases with
sufficient care to prevent crushing or shattering of the product.

One observation related to storage temperatures should be nozed.
While neither temperature nor time has had any statistically demonstrable
influence on breskage, the standard differences of cans listed in Tables 9,
10 and 11 suggest increased variability resulting from handllug the
rations at lower temperstures, particularly O°F.

3. Appesrance, Color and Texture (Tadle 12)

Sensory scores were assigned by five experienced judges who have a
performance record of rescting in similar menner to semple differences (mean
can varisnce # ,32), although tending to use somewhat different rating
levels (mesn judge varisnce 2 1,36) on the 10-1 scale {ndicated in Table 12,
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TABLE 11

TOTAL BREAKAGE IN CEREAL ITEMS STORED SIX YEARS
(a3 percent of pacaves a-d t-tal units)

Condition Items in Controlled Storage
frZZ r.h, ol CD8 CcD2 [v}] cD9 CD10 std.dif, Mean
cans

Total Packages Broken:

Initial 1.10 3,15 .00 3.83 .60 .80 5.11 1.5
70/80 0 333 .0 4.2 .8 4,0 24,07 7.04
70/57 0 62.5 .0 .0 1.2 4.0 1.17 11.28
40/57 0 77.1 2.1 4,2 .8 .8 19.11 14.15
0/aud 33.3  139.6 0 27,1 2.4 b 39.91 17.13
std.dif. ,cans 20.0 51.29 2.09 27.72 1.64 1.20 - 25.19
sign.dif., 5% 32.08 NS NS NS NS 2.35 42,728 NS
Mean 8.33 53.13 .52 8.85 1.29 2,28 18.39° 12.40

Total Units Broken:

Initial 7.6 17.6 &,2 10.1 19.3 28.9 9,86 16,62
70/80 16.7 12.0 S.7 19.0 20.2 40.1 7.59 18.94
70/57 12.3 31.8 16.8 22,2 31.4 22.0 8.85 22.82
40/57 20,0 3.3 6.6 16.5 29.3 18.5 5,22 21.20
0/amb 3.2 19.9 7.6 11.7 1.3 26,9 11.70 21.08
std.dif. cans 11.49 8.77 2.66 7,69 6.89 5.24 - 8.66
sign.dif., 5% NS 12,17 5.18 NS XS  10.29 14.85° NS
ilean 20.92 24.97 9.18 17.35 26.77 26.89 6.32> 21.01

Warehouse Samples Transferred to Controlled Storage
WCS WC6 WBl WBS ‘B9 WBlO WBll std.dif. sign.dif. Hean

cans £y 3
Jotal Packages Broken:
sample 16.7 70.0 43.9 6.7 13.) 96.7 30.0 27.52 47.81 40,32
70/5? 0 36.7 46.7 .0 .0 9.2 16,7 38.30 3%.58 28.10
Total Unigs Broken:
sample 11.8 65.7 31.9 9.2 39,2 35.5 28,3 12.30 20.56 34.54
70/%7  11.7 3.0 33.& 8.3 38.4 49.5 12.0 8.17 13,66 26.32

atignificant difference for items in rooms.
ignificant difference for item weans.
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Samples were presented four to s ix per session, two sessions per item, so
duplicate cans were scored on different sessions. All samples were identified,
and camparisons among storage conditions were f{nvited in the comments.

Appearance~-Color. As appearance and color have changed relatively

little with storage, the scores shown in Table 12 vary more with product and

can differences than with effects of storsge. Average increases over 4
previous low scores were 0.24 + .28 at 70°F, 0.16 + .40 at lower temperaturecs;
corresponding comparisons to 2ll previous scores showed decreases av.raging

0.11 + .30 at 70° and 0.41 + .34 at 40° and 0°. Predominant reasons given

for decresses were glazed appearance of surfaces, slight dulltng. and in 2

few instances a slight darkening of samples at 70°F,

Texture. As seen in Table 12, texture scores varied with products and
to some extent with tempsratures--samples from 70°F were scored somewhat
lower because of slightly increased hardness or brit:leness. Scores shown
averaged 0.30 + .38 higher than previous low scores at 70°, 0,60 + .36 higher
at the lover temperatures. In fact, scores at six years were near averages
for all previous examinatfions, being 0.14 2+ .29 lower at 70°F and 0.03 # .23
lower at 40° snd 0°. Changes in texturc have been smell in comparison with
product and ftem differcrces.

There was 2 tundency toward pattern scores for texture of the CD items.
Correlations of texture with appearaiice snd with color were as follows:

texture with: Appearance Color
. i ¢
70° /80% w81 +.330§5
70°/57% +,843° - +, 725
£0° /ST +.300> +.578%
G*/amb " w.: +,500"
All D +.738 +.501°
Warchouse (70°/%7%) .OOQNs

«,020

K5 = not significant
a = significant at 51 level of prebabiiity
b = significant at 1% ievel of probability

The judges knewv the siorage srrangement of the CD itess, and apparently
scored sppearance and texture accordingly: color varied scwmevhat more than
appearance (siight glazing at 70°), and correlstions of texture and color
vere lover. No such pattern had been established with the warehouse
samples, which may have resulted in the almost complete lack of
correlations with texture.

&. Hunter Color Values (Tadle 1))
Color values were determined on duﬁllcatt ssmples from ench'ccn. chopped

and sieved to lé-mesh, using a Hunter type color and color difierence meter
set vith NBS tefcrtnce Haize (L= 73.8, & = 1.4, b = 31.4). D
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TABLE 12

APPEARANCE-COLOR AND TEXTURE SCORES OF CEREAL ITEMS STORED SIX YEARS

(scale from 10 = excellent to 1 = poor)

Condition Items in Contxolled Storage
°F/% x.h. cD1 Co8 CD2 CD? CD9 CD10 std.dif, Mean
cans
Appearance-Color:
Initial 6.5 7.0 8.2 8.3 7.7 6.5 .44 7.37
70/G0 7.15 6.4 7.35 7.05 6,45 6.75 .28 6.86
70/57 7.05 6.4 7.15 6.95 6.3 6.2 .27 6.68
50/57 7.2 €.15 7.2 7.05  6.% 6.35 .33 6.73
0/amt _ 7.2 6.15 7.2 7.05 6.5 6.4 .35 6.74
std.dif, ,cans .32 46 .10 .27 .22 .34 - .31
sign.dif., 5% NS NS .16 NS NS NS .54; NS
Mean 7.14 6.28 7,23 7.03 6.43 6.43 .22 6.75
Texture:
Initial 6.5 7.4 7.8 8.2 6.2 5.8 YA 6.98
70/80 6.3 6.2 7.1 7.2 6.1 5.9 40 6.47
T0/57 7.3 6.0 7.2 7.3 6.0 5.8 .20 6.60
50/57 7.1 6.7 7.5 7.7 6.2 6.0 .33 6.87
0/asb 7.2 6.8 7.4 7.7 6.3 5.9 .22 6.88
std.éif. ,cans .18 .30 .15 .52 .32 .15 - .30
sign.dif., S1 .35 .61 .28 NS NS N 222 .18
ean 6.98 6.43 7.30 7.8 6.15  5.90 .4gP 6.70

Harehouse Samples Transf{«rred to Controlled Scorage

WCS WC6 WAl WB8 WBS WBIO WBLL sed.dif.

Appearance-Color:
sample .05 6.5 17.35 6.3 1.2 6.1
70/57 7.3 6.7 17.45 6.55 11.1% 6.55
Texture:
sangle 6.3 3.8 7.2 1.8 6.9 6.8
70/57 7.3 6,6 7.3 8.0 2.2 7.0

.7

[V AV

cans

sign.dif. Mean
5%

.30
.49

o34

6.67
V.20

:fignltlcant difference Zor items {n rcoms,
Siznificant difference for item mesns.
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Hunter L. The L or "lightness" values shown in Table 13 average 0.2
higher than previous high values at O°F and 0.2 lower than previcus highs
at other conditions. The color meter, as noted, was apparently reading
about 1,0 units higher than formerly. Thus the O°F values were apparently
about 0.8 under previous highs and the other samples about 1.2 under; the
average was still 2.6 above initials, however, This resulted frcm tendency
of the surface to glaze, with some slight fading effect remaining in most
of the products,

Direct comparisons show biscuits, particularly CD7, had lower L values
at 70°/80% than at lower temperatures (average 1.3 #+ 1.0 lower). This
reflects darkening and dulling, CD7 at 70°/80% being about 3.5 units below
previous high value and only about 1.0 unit above initial, Other samples
averaged higher at both 70°F conditions (by 2.4 # 2.1 units for crackers and
1.5 + 0.9 units for wafers) than at 40° and 0°F, indicating that the tendency
for fading at higher temperatures was still predominant. Most of the score
panel judges did not consider this a disadvantage, as it merely reduced the
extent of overbrowning in many cof the samples. Warehouse samples averaged
increasing about 0.9 + 1,1 during controlled storage at 70°/57%, during the
fifth and sixth years after manufacture.

Hunter "a". The "a" value indicates red component when positive, as all
samples were at the current period. Fading of red was a characteristic
change in 100°F storage, but this has not been so definite at 70°F, Also,
some items are darker than others, and these exhibit somewhat different
changes; cracker CD1 and wafer CD10 are darker than other crackers or wafers.

In changes from initial values as shown in Table 13, the darker items
averaged 0,8 & .3 paler at 70°F and 0.3 + .2 paler at 40° and 0°, while
cracker CD8, biscuits CD2 and 7 and wafer CDS averaged 0.1 % .5 darker than
initial at 70°F and 0.4 3 .3 darker at the lower temperatures. Thus a
temperature difference of about 0.4 unit was apparently present, but there
was about 0.8 unit difference in the manner in which darker items (which
faded) and lighter items (which darkened) reacted to it.

In comparing values at six years to previous low (fading teadency) values,
Ch1l and 10 averaged 0,7 3 .l higher than lowest values at 0°, 0.3 %+ .3 higher
at the other temperatures; the lighter items were 0.9 4 .6 above lowest
readings at 0° and 1.2 4 .6 above previous lows at 40° and 70°F. Conversely,
in comparing present and previous high values, the darker items averaged
0.3 + .2 lower than former highs at O°F and 1.0 + .4 lower at warmer conditioms,
while corresponding differences for lighter items were 0.6 ¥ ,4 under highs
at 0°F but only 0.2 # .4 under at cooi and room temperature conditions.
Finally, in directly comparing preseant "a" values at 0°F with thoce above
0°, crackers and wafers av.raged 0.1 + ,3 lower at 40° and 0.6 + .4 lower
at 70°, whereas biscuits had no consistent trend, averaging 0.0 %+ .4 difference
between 0° and other temperatures.

Differences of this magnitude may appear small and easily confusing, but

the trained score panel judge can easily detect the fading of the darker
samples, and sometimes the darkening of the lighter items, usually considering
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n the fading desirable and the darkening otherwise. Thus the marked changes
in "redness' observed as fading at 100°F are apparently taking place at a
lcsser rate in rations stored at 70° and in a few instances even at 40°,
while some of the paler items are tending to darken slightly at the
moderate to low temperatures, This may also be seen in the changes in
warehouse samples at 70°/57%.

Hunter b. Hunter b, or yellow component in cereal items, typically
changes less than L or "a'" values except in browning reactions. In the
six storage items presently being considered, 'b'" values remained fairly
constant through about the fourth year, with high levels averaging
0.6 & .4 above initial values at 24 3 18 months. At 48 months, average
b value was 0.1 & ,5 above initial at 70°F, 0.3 # .7 above initial at
other conditions. During the fifth year, as noted in Table 13, repair of
the b-assembly of the color meter resulted in an apparent down-shift of
about 1.4 NBS units in the readings. Thus all '"b" values were apparently
lower than initial at 60 and 72 months; the average difference between
60-month and 72-month readings at 70°F and below was less than 0.1 unit,

Correcting the '"b" values for the apparent shift indicates crackers
were 0.8 & .4 lower than initial at 70°F, crackers at lower temperatures
and biscuits at all conditions averaged no change, and wafers at all
conditions averaged 0.6 i .3 higher than initial. The crackers at 70°F are,
th-rcfore, the o~ly storage items which exhibit any suggestion of the
color change wusually associated with browning reactions, and this may
be considered questionable under the circumstances involved in the estimates
of changes, If corresponding corrections are made for the warehouse samples,
crackers decreased 1,0 ¥+ ,2 and biscuits averaged no change, very close to
the estimates made for the storage study items.

Hunter a/b ratio. 1If the a/b values shown in Table 13 were also
corrected for the apparent shift in 'b" values which resulted from altering
the color meter, ratios would be reduced by .005 for CD1, .008 for CD3 and 7,
.012 for CD2 and 9, and .023 for CD10. Warehouse ratios would be lower
than shown by ,008 for crackers and .Cl4 for biscuits. The ratios then
indicate the predominant types of changes (except the suggestion of browning
in crackers at 70°F--increases in ratio can result from increased "a' as
in darkening or 'dulling" cf color, or from decreases in '"b" as in
browning). As seen, crackers CD1 and WC6, biscuit ¥Bl and wafer CD10 tended
to fade (decreased ratio) at higher temperatures, while darkening was
apparently cthe predominant change in other items.

5. Fracture Strength (Table 14)

Ten units selected in a systematic manner from each can were used to
determine fracture strength. Each unit was supported by four corner blocks
of about 1/16 sq. in., area and the dull point of a weighted plunger was
rested on the center of the unit. The plunger carried fixed weights varying

. from 400 to 1900 grams, depending on the fracture resistance of the unit,
and additional weight was added to the point of fracture by applying in-
creasing pressure on the plunger with a 1000-gram sprin g-loaded pressure
tester,
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TABLE 13 .
HUNTER COLOR VALUES OF CEREAL ITEMS STORED SIX YEARS
. (NBS Units) B
Condition : Items in Controiled'Storage
°F/% r.h. ¢l €p8 cD2- CD7 CD9  CD10  std.dif. Mean
) . - - cans
" L Values:
Initial 61.8 68.8 68.7 69.6 60.8 55,2 1.63 T 64,12
70/80 66.6 75.7 72.5 71.5 63.6 60.0 - ' 04 68.3
70/57 65.2 73.4 73.8 74.0 64,6 59.0 .9 68.32
. 40/57 65.4 70.7 72,7 73.8 63.1 56.9 .55 67,10
0/amb 65.2 70.0 73.0 73.6 63.1 58.0 A 67.17
std.dif.,cans 1.25 .22 .62 .78 .71 .76 - .79
sign.dif., 5% NS .42 .99 1.53  1.14  1.49 1.262 AT
Mean 65.59 72.47 73,00 73.21 63.59 58.48 .58P 67.7?
"a' Values:
Initial 5.1 2.6 2.0 2.5 3.7 5.0 .74 3.47
70/80 4.3 2.0 2.0 3.4 4.0 4.0 .27 3.27
70/57 4.3 2.9 2.1 2.3 3.8 4,2 .29 3.27
40/57 4.5 2.9 2.3 2.8 4.3 4.9 .24 3.63
0/amb 4.9 3.3 1.9 3.1 4,1 4.7 W43 3,65
std,.dif.,cans .37 .39 .30 .33 .25 .20 - 4 .32
sign.dif., 5% NS .76 NS .65 NS .39 .Slb .19
Mean L9 2,76 2,08 0 2.89 4,05 4,45 .23 3.45
Warehouse Samples Transferred to Controlled Storage
WC5 WC6 WwWBLI WB8 WB9 WBIO WBll std.dif, sign.dif., 'lean
cans 5%
L Values:
sample 71.3 61.9 68.3 64.6 69.0 69.3 73.3 1.05 1.75 63,25
70/57 73.2 63.6 72.3 67.3 70.4 70.1 74.0 1.01 1.70 70.13
"a'' Values:
sample 1.8 5.1 4,3 1.5 -,1 3.0 .8 42 .70 2.34
70/57 3.8 4.5 3.5 3.4 3,0 3.2 2.4 .27 .45 3.49
(continued)
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TABLE 13 (continued)

Condition Items in Controlled Storage
°F/% r.h. cpl CD8  CD2  CD7  CD9  CD1O std.dif, Mean
cans
"b" Values:
Initial 25.0 21.9 19.9 22.0 21.3 19.5 43 21.63
70/80 23.9 19.5 17.9 21,2 20.7 17.9 .35 20.18
70/57 23.7 19.8 17.8 20.6 20.3 18.3 47 20,10
40/57 24,2 20.4 18,0 20.4 21.1 18.5 R 20,43
0/amb 24,9 20.6 17.6 20.8 20.5 17.9 .39 20.38
std.dif,, cans .68 .29 .27 41 .30 40 - 42
sign.dif., 5% NS .56 NS NS .48 NS .682 .26
Mean 24,19 20.06 17.83 20.74 20.64 18,16 .31b 20.27
a/b Ratios:
Initial .203  .120 .097 .115 .173  .256 .034 161
70/80 .178  .100 .114 .159 .192  .225 .016 .162
70/57 .181 © ,145 .118 .113 .188 .230 .015 .163
£0/57 .187  .142  .128 .138 .203  .267 .014 177
0/amb .197  .162  .105 .147  ,201  .259 .022 .179
std.dif.,cans .03 .019 .018 .018 .015 .0l4 - .017
sion.dif., 5% NS .037 NS .029 NS .027 .027g .010
Mean ,186  .138 .116 .139 .196 .245 .013 .170

Warehouse Samples Transferred to Controlled Storage
WC5 WC6 WB1T WB8 WBY WBIO WBll std.dif. sign.dif. Mean

cans 5%
"b'" Values:
sample 23.2 24,1 21.2 19.7 20.0 20.3 19.8 .49 .82 21.18
70/57 20,9 22.6 19.4 18.4 18.3 18,6 18.2 .24 40 19.49
a/b Ratios:
sample .076 .211 .204 .075 -.004 148,042 .020 .034 111
70/57 L,182 .199 ,180 .186 .,l64 171,132 .016 ,027 174

dgjanificant difference for items in rooms,
ESignificant difference for item means.
The b-assembly of the color meter was repuired during the fifth year, and the
meter was also checked and adjusted during the sixth year. The results were
an apparent down-shift of about 1.4 NBS units in '"b'" readings and an increase
of about 1.0 unit in L readings, respectively,
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Cracker CD1 averaged 260 grams higher than previous average and 100
grams higher than previous high values--the reason for the increase was
not apparent, except this item has been increasing at every examination
from mean low of 1350 grams at 36 months., All other storage crackers have
also increased since the first to second year (CD3 from 1020 to 1110, CD5
from 1240 to 1500, CD8 from 1120 to 1315 for the last three examinatikns).

Biscuits have been less definite in trend, averaging low at 2 years
and high at 4; CD2 averaged 1670 through 5 years as compared to the 1640
average at 6 years, but CD7 is currently below any previous periodic
average with 5-year average of 1205. Wafers have also varied, with lows
at 1 and 4 years, highs at 3 an 5 years; 5-year averages were 2235 for
CD9 and 1560 for CD10,

No temperature influence has been observed in any item., The only
characteristic variation is apparently with baking. Cracker CD1 is darker
and tougher than the moderately baked CD8; biscuit CD2 is tougher than
would be expected (apparently hardened in a low-temperature oven), since
it is not browner than CD7; wafer CD9 is more compact than the "toasted"
wafer CD10.

6. Moisture Content (Table 14)

Moisture content was determined on duplicate l4-mesh samples from each
can as loss of weight after heating 5-gram aliquants 24 hours at 70°C under
a 29-inch vacuum,

As on earlier examinations, moisture contents apparently varied only
with items and cans. llean contents given in Table 14 are within about 0,1%
of those of the last examination and of all previous examinatioms.

Leaking cans averaged higher than duplicate non-leakers by 0.74 3 .52%
in the 70°/80% condition, but by only 0.12 & ,09 at 0°F/ambient r.h,,
the latter being a "wetter' room with respect to equilibrium moisture. 1In
the 57% r.h. conditions, leakers varied by 0,25 % .35%, non-leakers by
0.05 ¥+ ,04%, so the only consistent influence of leakers was apparently a
greater fluctuation of moisture contents. The general mean for all leaking
cans was 3.09 & ,27%, as compared to 2,83 # ,31% for duplicate non-leakers,
but 3.10 4 .27 for all non-leakers. There was apparently poor correlation
between leaking on leak test and the actual amount of moisture exchange
which probably has taken place between rations and outside atmosphere in
most of the crackers and biscuits,

There was no consistent correlation of moisture content with fracture
strength, some items and room: having positive coefficients, some negative,
most non-significant, and none following any pattern with relation to
previous examinations,

7. Rancidity Values (Table 15)

Peroxides. Peroxide values were determined by extracting fat from the

ration samples with chloroform, mixing aliquarnts of the extract with 1.5
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TABLE 14

FRACTURE STRENGTH AND MOISTURE CONTENT OF CEREAL ITEMS STORED SIX YEARS

Condition Items in Controlled Stoxage
°F/% r.h. ¢pl  CD8  Cb2 cp7 cD9 CD10 std.dif. Mean
cans

Fracture Strength, grams:®

Initial 1410 1140 1530 1295 2160 1285 198 1470
70/80 1721 1229 1646 1030 2596 1433 139 1609
70/57 1774 1205 1581 1120 2051 1659 122 1565
40/57 1731 1265 1622 1160 1936 1627 73 1557
0/amb 1794 1288 1699 1068 2136 1481 54 1578
std.dif.,cans 69 78 50 103 184 79 - 103
sign.dif,, 5% NS NS 80 NS 361 154 173° NS
Mean 1755 1247 1637 1095 2180 1550 76 1577

Moisture Content, percent:2

Initial 1.85 3.53 1.91 1.96 4.01 4.03 .36 2,88
70/80 2,85 3.25 2.39 1,59 3,9 3.81 .59 2.97
70/57 2,50 3,26 2,71 2.19 3.94 4.01 .49 3.10
40/57 2,74 2,96 2,51 2,24 4,20 4,13 «26 3.13
0/amb 3.24 2,93 3.39 2,07 3.93 3.75 .12 3.22
std,dif, ,cans .87 .34 .23 .24 .02 .08 " b W41
sign.dif., 5% NS NS .45 .38 .03 .15 .65 NS
Mean 2.83 3,10 2.75 2,02 4.00 3.93 .30°€ 3.10

Warehouse Samples Transferred to Controlled Storage
WC5 WC6 WBIL WB8 WB9 WBlO WBll std.dif. sign.dif. Mean

cans 5%
Fracture Strength, grams:®
sample 1070 1225 1402 1346 1306 1460 1331 86 144 1306
70/57 1133 1176 1398 1485 1589 1534 1431 91 160 1392
Moisture Content, percent:2
sample 2,82 2.97 1.12 2.68 2.60 3,05 3.09 .14 o 24 2,62
70/57 2,56 2,68 1.58 2.70 2,46 2.82 2.82 .17 .28 2,51

8Leaking cans, observed in 17 of the 31 sets of duplicate samples, spparently
had no consistent influence on fracture strength, and very little on mean
contents of moisture.
Significant difference for items in rooms.
Csignificant difference for item means.
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volumes of glacial acetic acid, reacting with potassium iodide, and titrating
liberated iodine with potassium thiosulfate., As peroxides are unstable
early-stage intermediate products in the camplex patterns of fat oxidation,
these patterns can be evaluated only in relation to changes in levels of
peroxide values and other characteristics of the samples involved,

As discussed in the preceding report of this study (Tech, Rpt.
156-VI-GES, June, 1968, pp. 28-29), peroxidation of fats in cereal
rations was stimulated somewhat by formulation, baking and canning, then
decreased to very low levels during the second to third year of storage.
Following this period of stability, a second period of active oxidation began
at about the fourth year, with the result that items stored at 100°F were
considered unsuitable for further use after about five years, and several
items were judged quite stale after six years at 70°F, A summary of this
upswing in oxidation, as indicated by increases in peroxide values, is
as follows:

. 18-2% months 36-48 months 60 months 72 _months
crackers wafers crackers wafers crackers wafers crackers wafers
biscuits biscuits biscuits biscuits
100°F 1.0+ .3 .12 .1 3.0 % .51.6 1,0 13.4 = 6.0 1.9 & .3 14.4 2 8.6% ¢£.2 + 1,93
70°F 2%+ ,1 .2%+,1 2,42 .,802,12 ,6 11,83 <+5.6¢4,2 +2.4 22,1+ 7.7 5.6 +1.2
40°F .1+ .1 .3+%.,1 1.4%.62,2+ 3 3.034+ .96.8+1.8 6.3 +2.813.24238.5
0o°rF ,13,1.22.,1 1.1+%.,61,22+ ,2 262 .53.22 .3 ¢&,1+ .9 3,334+ .9

8prom the preliminary sampling of August 1968, discussed on p.2,

Both the general increase in oxidation, and the tendency for peroxide
accumulation to shift to lower temperatures (70°F in crackers and biscuits,
40°F in wafers) as oxygen became depleted and reactions pronressed to secondary
types of oxidation, are clearly indicated. Stale and rancié {lavors, which
result from the secondary reactions, have generally followed this oxidation
pattern in crackers and biscuits, Wafers, with proportionally less oxygen
and apparently a more "absorptive' structure for reaction products have
remained lower in peroxide values at higher temperatures and exhibited less
difference in flavor at the various conditions.

As seen in Table 15, warehouse crackers and biscuits, incrcasing f{rom
7.5 & 3.5 to 14,5 3 4,0 during the {ifth and sixth years, apparently
followed about the same pattern as the storage study items. There arc
indications, however, that rations presently stored in warehouses with
varying and fluctuating temperatures may not be in as good condition as
are the rations being held in unilorm storage, The mean peroxide value
for crackers and biscuits from 70°F at 6 years in the storage study was
22,1 #+ 7.7; warehouse samples examined during the sixth year averaged
79.0 3 41,0, tafers were apparently in better condition, CLC? averaging
11.7 4 7.1 at 70° and 40°F in the storage study as compared to 11.2 i+ 5.9
in the warehouse sampling., (Warehouse sample averayes calculated from
data in report, US Army Natick Laboratories to Director, Defense Supply
Agency, 11 Oct 1960).
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TABLE 15

RANCIDITY VALUES OF FATS FROH CENEAL ITEMS STORED SIX YEADS

Condition Items in Controlled Storage
°F/% x.h. [} CC3 [+}3 CD7 CcD9 CD10 std. dif, ilean
cans .
1
Peroxide Values, milliequivalents per kilogrlm:' 1
Initial 1.1 .0 1.1 0 2.0 1.4 .43 1.20
70/30 20,9 1.2 25.1 15.2 6.7 5.0 5.82 14,52
70/57 29.9 22,6 36.1 12,7 6.6 3.9 4,64 18.63
50/57 10.3 7.4 4.3 3.2 21.7 4,7 2.48 8.59
0/amb &,2 5,5 5.0 2,7 5.1 1.4 1.81 3.50
Std.dtf. ,Cans 2.33 4.03 6.38 ‘:’.69 2.22 2.11 - 3‘95
sign.dif., 5% £,57 7.90 12.52 9.21 4,36 NS 6.&5: 2.36
tiean 16,32 12.17 17,61 8.446 10,01 3,76 2.09 11.38
Free Fatty Acids, percent as oleic acid:¢
Initial .17 .36 .16 .20 .34 .32 .028 .271
70/80 .17 .35 .20 .35 43 40 .027 .323
70/57 022 .41 019 032 .Sz 042 0026 .3&7 4
40/57 .17 .29 .15 .35 48 .33 .012 .299
0/amb .19 .30 .15 .31 Al .34 013 .283
St('.di:'. ,C!l‘ll 0017 3022 .015 0026 0028 0012 - b 0021
sign.¢il., 5% 032 .0463 .030 NS .05% .024 .033 .013
iiean L1800 338 172 .333 464 .334 .015¢ 312 _
?
Harehouse Samples Transferred to Controlled Storage !
UHC5 ®wC6 Bl WBG WB9 HWB1O UBll atd.dif, siim.dif, iiean '
cans 5%
Peroxide Values, milliequivalents per kilogram:*
sample c.5 9.4 3 6,3 9,4 11,5 6.9 2.24 3.75 7.48
70/57 12.9 22,5 12.3 10.3 13.4 13,7 3.6 2.70 4,52 14,50
Frec Fatty Acids, percent as oleic acid:®
sample L2613 25 .20 L4) 1) S § | .022 036 + 265
70/57 I35 W10 .29 .20 L4k .35 .36 .013 .C30 311
Tperoxide values in leaking cans averaged 3.21 higher at 70°F and 0.62 higher
at 47° and 0° than in non-leskers. Duplicate can diiferences vwere 4,43 at 70°,
2.40 at lower temperaturcs for leakers, 4,30 at 70° and 0.67 at lower )
temperatures for non-leakers, Leakin3 cans did not vary consistently ‘rom
non-leakers in {ree Jatty acid values, .

SigniZicant diflerence for items in rooms,
€Signilicant difference for item means.
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Free Fatty Acids. These were determined by combining equal volumes of
neutral ethanol with the chloroform extracts of fats and titrating with
ethanolic slkali. As products of fat hydrolysis, free farty acids are
generally proportional to temperature and moisture content, and the higher
values for wafers as given in Table 15 could be associasted with the higher
moisture content of this product. Cracker CD8 averaged only 3.1% moisture,
however, and biscuit CD7 only 2.0% so fauts were apparently less stable in
these items than in cracker CD1 and biscuit CD2.

With the exception of the samples at 100°F, which reached high values
at 4 to 6 years (means shown on p. 2 for sampling in August 1968 were .10 # .15
lower than previous highs for crackers, .33 # .24 gbove previous highs for
biscuits, .05 # .14 above previous highs for wafers), free fatty acids have
changed relatively little from initial levels. Changes from initial and
from S5-yesr values for the data shown in Table 15 and the August 1968
sampling at 100°F, were as follows:

crackers biscuits wafers

from initial from 5 yrs from initisl from 5 yrs from initial from 5 yrs

100°F .37 # .07 .02 + .04 .59 # .21 .26 %+ .04 .63 % .02 .00 # .01
70°F .02 # .03 .03 + .04 .05+ .02 -.02# .03 .13 ¢+ .04 .01 + .02
40°&0°F -.03 + .04 .01 %+ .05 .02 +# .06 .01 +# .04 .07 %+ .04 .00 ¢+ .03

With variations in initial values ranging from + .01 for wafers to #+ .20
for biscuits, it is apparent that differences in individusl items have been one
of the primary sources of variance. Temperature has been another cause of
variations, with higher values at 100°F and in some instances st 70°F. There
is also a suggestion of differences associated with moisture content.
Considering that free fatty acids should oxidize more readily than intact
fats, but that excess moisture ususlly tends to retard oxidation, the
spparent stability of the lower-moisture crackers and biscuits at 70°F and
below may result from a balance between rates of oxidation and hydrolysis.
Higher free acid values in wafers would thus be expected from their higher
moisture content, which would shift the balance toward 2 rclatively greater
rate of hydrolysis. The combined effects of higher moisture and higher
temperatures have been readily apparent in the high free acid values from
100°F storage.

Data {n Table 15 show an increase of .05 + .04% during 2 years of controlled
storage of warehouse samples at 70°F. The 1968 warehouse sampling by NALABS,
referred to above, averaged .15 + .10% above inicial for crackers and biscuits
and .22 + .02% sbove initial for wefer CD9 (four samples averaged .0¢ + .01,

11 sveraged .20 # .07). As these are greater than the incresses in 70°
controlled storage, the net temperature effect in warshouses is obviously
somsvhat above 70°F.

8. Sensory Scores for Aroms and Flavor (Table 16)
All sensory scores were cbtained as described above in section 3.

Aroma. Changes in sroma have been relatively smsll since the third
year at 70°F, and through the six years at lower temperatures, although there
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TABLE 16

AROMA AND FLAVOR SCORES OF CEREAL ITEMS STORED SIX YEARS
(scale from 10 = excellent tol = poor)

Condition Items in Comntrolled Storage
*P/X r.h, CDI CD8 CD2 CD7 CD9 CDI0  std.dif. HMean
cans

Aroms:®
Initial 7.0 6.4 7.7 6.4 6.0 6.4 1.57  6.65
70/80 5.2 5.0 4.6 5.0 4,6 5.9 .53 - 5.05
70/57 6.5 5.2 5.3 5.5 4.9 5.6 Ny 5.50
40/57 6.8 6.7 7.2 6.5 5.3 6.0 .49 6.42
0/amb 7.3 6.7 7.3 7.0 5.8 6.6 .03 6.78
'td.dif. ,CIHS .71 .25 .62 051 032 .23 - b 0‘8
sign.dif,, 5% 1.14 49 1,22 1.01 .63 b .81 .29
Mean 6.45 5.90 6.10 6.00 5.15 6.03 .35¢ 5.9

Flavor:*
Initial 6.0 6.4 8.6 7.8 6.2 , 5.4 1.51 6.70
70/80 5.6 5.1 5.5 5.3 5.3 5.6 3?7 5.40
70/57 6.4 5.7 6.0 5.8 5.2 4.8 A1 5.65
40/57 6.6 6.3 6.4 6.3 5.7 5.5 «37 6.13
0/amd 6.8 6.7 6.9 6.7 6.3 6.2 <37 6.60
std.dif. cans 450 .20 .32 <52 .64 30 - .38
sign.dif,, S% 79 .40 83 .73 .10 .59 .53 .23
Hean 6.35 5.95 6.20 6.03 5.63 5.53 .28¢ 5.95

Warehouse Semples Transferred to Controlled Storage
HCS WC6 WBlL WB8 WB9 WBIO WBLl std.dif, sian.dif, iiesn
cans [

Aroms :
sample &S 6.0 6.6 6.4 5.7 5.3 6.0 N 1.11 5.79
70/57 46 5.8 6.2 6.6 4.9 4.8 5.0 .61 .69 5.42

Flavor
sample $.9 5.2 6.8 6.5 5.2 53 5.8 .58 1.0 5.01
70/5? 5.5 5.7 6.1 6.5 48 5.3 6.1 .97 1.30 5.72

fhakius cans averaged 0.2 lower than nou-leakers {n flavor, but there were no

consistent differences i{n aroma.
Significant difference for {tems {n rooms.
CSignificant difference for item mesns.
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has been considerable fluctuation smong items. Mean differences between
the aroma scores shown in Table 16 and initial and 4-5 year scores (the
latter including scores of warshouse samples) were as follows:

crackers biscuits wvafers
from initisl from 4-Syr from initial from 4-5yr from initial from &4-5yr

70" ‘102 * os -.l t 4 .5 ‘1.9 + a9 '.5 + .5 ‘.9 + 06 08 + o7
‘O.P oo * 03 01 * ob .02 * 03 os t 07 .os * oz --1 * o“
0" 03 * .0 .0 * 02 ol * .5 .6 * 03 oo t 02 '02 * .‘

Comments indicated the judges considerec ssmples from 70°F to be flat
snd slightly stale in aroma, but not objectionsble.

Plavor. The changes in flavor have been about the same as those in
aroma, the greatest differences being in the initial scores of cracker
CD1, scored 1.0 lower than aroma, and in the biscuits, scored 0., higher for
CD2 and 1.4 higher for CD7. The mean differences from initisl, and from
4-5 year scores (again including wsrehouse samples)were:

crackers biscuits wafers
from initial from 4-Syr from janitial frow 4-Syr from initial from 4-5yr

70~' ‘.5 * .7 03 * -S ’20‘ 2 o& al + 06 -06 t os 07 * .
‘o.y .2 2 .6 .o * 02 -1.7 + .3 .o * os -02 * .3 ’02 * .
o.r os * .3 .o * “ ‘1.3 * .2 -02 * .2 .‘ * .6 uo *

£HwWwon

As for aroms, flatness and staleness vere noted as the reasons for
reduction of scor2s st 70°F, but average scorus for 70° samples were above
those for 4-5 years, so there was no recommendation for discontinuation of
storage at this temperature.

9. #Hedonic Ratings for Aroma, Flavor and Palatability (Tadie 17)

The hedonic rating panel consisted of 25 judges selected as avajiladle
from a pool of sbout 100 persons. Samples vere presented in sets of six,
five or four per session, each set containing one can from each of the four
storage tonditions plus two, one or no cans from warchouse semples. Thus
duplicate cans from each {tem were rated on different sessions. Samples on
esch presentation were coded and rendwmized on a 6 X 25, S X 25, or 4 X 25 block
plan to equalize sequence of rating smong the vartious judges. The scale wai
the usual 9-point "mo-uum" renge, with direct sample comparisons and
comments fnvited.

Aroms. The dats in Table 17 differ from fnitial and 4-5 year ratings,
including verehouse semples, as follows:

crgsurs b nn(u fcu

rom {aitisl Irom &-3yr from l_nltgg rom &-Syr from ;ngth row &-3yr

70°F -1.19 ¢ .52 .48 ¢ .35 -1.11 % .37 -.19 ¢ &5 .55 % .05 .16 & .23
«0°F 303 .37 -.16#2 .13 -.20% .05 .57 % .60 +.39% .02 -.18 % .14
0°fF -.3

$.25 -.374.33 -.663% .00 .53 3 .37 -.09+4.19 -2 ¢+.19
36




As seen, variations among items were fairly large at 70°F, and can
differences were moderately large at lower temperstures, but the
continuing decrease in aroms rating st 70°F seems fairly definite.
Other ratings were less definite, biscuits st lower temperatures
averaging .55 higher than previously but with large varistions, and
wvafers averaging near previous rating at all temperatures.

Flavor. Comparisons with initial and 4-5 year ratings, as described
above, vere as follows for flavor ratings:

crackers biscuits _wvaters :
from initisl from 4-Syr from initiasl from 4-5yr from initial from 4-% ’ b

70‘? ".99 * 038 -032 * 132 '1.18 * 039 olo t '54 -c“ * .18 '006 t 5
40‘? ‘.49 t .25 'o32 + .25 "360 * ozo 083 * .67 '.6“ + 022 -.“9 * N
0°F -.50% .11 -.48 + .40 -.35%+ .05 .65+ .67 -.15 4 .28 -.4b #

While all ratings except wafers at O°F were definitely below initial,
trends during the last two years were quite varisble. Crackers tended to :
decrease st all conditions, while biscuits merely fluctuated at 7¢°F and !
{ncreased, quite variably, at lower temperatures; both crackers snd 1
biscuics averaged around .4-.5 below initial st 40° and C°F. Wafers, on §
the other hand, averaged about .6 below initisl at 70° and 40°F, remaining H
near initial at O°F, with fluctuations at 70° and decreases at lower i
temperatures. Apparently item and can variations have influenced scores ¢
about as much as storage has, except in crackers and biscuits at 70°F. i

Palatability. The ratings in Table 17, as usual averaging somevhst ;
higher than arceas and flavor ccores, were related to initial and 4-5 year g
data as foilows: ?

crackers biscuits _wafers

from initial from 4-Syr frow initisi from 4-5yr from initial from 4-5y

70” ..92 * l“ ‘o“ t 03‘ .ltm * 036 028 * QM ‘057 * 032 ‘.01 * .l 5
QO°F .59 % .39 .16 3 .29 .46+ .16 .64 % 47 493 .28 -.32%,1 i
O.F ';66 * .29 --60 * 032 .!66 * .ol o“ * '6.6 .909 t 063 .039 * l3 k.

As for flavor, palatabiliiy ratings were definitely below {nitial fo?
all samples except wefers at O°F. Crsckers at 0° and wvafere at 40° and 0°
decreased during the last two years, while biscuits increased adbout .55
at these temperatures, though still aversging .46 below initial ratings.
Other semples, crackers at 40°F and all ftems at 70°, tended to
fluctuate with no definfte trend sivce about the fifth yesr.

In general, the quality snd hedonic ratings considered with the
increases in rencidificetion of fats, suggest that the cereal rations
vill probably remein acceptable for sbout 8 yesrs in cramon storage.
This will be In 1970 for most {tems, and sufficient controlled-storage ]
samples remsin for exsminstion in 1969-70, so the storage study could '
sbou? coer the useful life of the ratioes as presently stocked.
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TABLE 17 ]

HEDONIC RAYINGS FOR CEREAL ITEMS STORED SIX YEARS

Condition Items in Controlled Storage
°F/% r.h. cD1  CcD8 CD2 CD7 CD9  CDI0  std.dif.  Mean
cans .
Aroma 2
Initial 5.58  6.28 6.80 6.54 5.30 5.60 .38 6.02
70/80 4,45 4,65 5.08 5.75 4.83 5.00 .28 4.96
70/57 5,20 4.65 5.75 5.65 4.75 5.03 .29 5.17
40/57 5.58  5.53 6.65 6.30 &.93  5.20 .55 5,70
0/amb 5.53  5.73 6.75 6.48 5.40 5.33 .37 5.87
std.dif.,cans .54 .60 .31 .22 .19 .24 - .39
sign.dif., 5% .87 .83 .61 A .37 NS .66P .23
Mean 5.19 5.14 6.06 6.04 4.98 5.14 .28 5.42
Flavor:2a
Initial 5.54 6.06 7.62 6.60 5.52 5.68 .37 6.17
70/80 .63 4,68 5.90 5.93 4,98 5.15 .26 5.21
70/57 5.12 4.80 5.30 5.60 4,98 4.73 45 5.25
40/57 5.30  5.33% 7.03 6.40 5,10 4.83 .48 5.66
0/amb 5.15 5.45 7.23  6.30 5.65 5.25 42 5.8
std.dif.,cans .32 .51 .38 .33 .56 .32 - 41
sion.Aif., 5% .51 NS 74 48 NS NS .70P .25
Mean 5.05 5.06 6.61 6.06 5.18 4,99 .31 5.49
Palatabilitz:a ‘4
Tnitial 5.70  6.38 7.40 6.90 5.36 5.64 ° .28 6,23
70/80 5.05 5.03 5.85 6.28 5.25 4.98 31 5.40
70/57 5.35 5.05 6.23 6.08 5,13 4.75 .28 5,47
40/57 5.50 5.40 6.80 6.58 5.15 4.88 .37 5.72
0/amb 5.35 5.45 6.93 6.45 5.70 5.13 .40 5,81
std.dif.,cans .35 .50 .08 .13 .48 .29 - .35
sign.dif., 5% NS NS .16 .26 NS NS ,58b 21
Mean 5.31  5.23  6.45 6.34 5,31 4.93 ,25¢ 5.60
(continued)
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TABLE 17 (continued)

Condition Warehouse Samples Tranéferred to Controlled Storage
°F/% r.h. WC5 WC6 WBl WB8 WB9 WB10 WBll std.dif. sign.dif. Mean
caus - 5%
Aroma:?
sample 5.44 5.08 6.31 6,76 6.34 5.68 5.80 .21 .37 5.92
70/57 5.08 £.68 6.18 6.25 5,38 4.8CG 5.23 .27 .46 5.37
Flavor:2
sample 5.76¢ 5.18 6.53 6.86 6.48 5.8 5.90 .27 45 6.07
70/57 5.53 4.75 6.50 6.85 5,30 5.45 5.78 .37 .61 5.74
Palatability:?
sample 5.68 5.28 6.57 6.80 6.66 5.80 5.88 .25 .41 6.10
70/57 6.05 4.95 6.83 6.95 6.15 5.78 5.95 .21 .35 6.09

dLeaking cans averaged 0.12 less than non-leakers at 70°F, 0.11 more than non-
leakers at lower temperatures. Standard differences between duplicate cans
among leakers and non-leakers, respectively, were 0.33 and 0,28 at 70°F, 0.49
and 0.36 at lower temperatures.

bSignificant difference for items in rocms,

cSignificant difference for item means,.
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Indications are, however, that use of a better grade of fat than that of

the wafers and about half of the crackers and biscuits, with nitrogen

packing in non-leaking cans, could extend storage life of these types of
products by several more years at practical warehouse or shelter temperatures,

10. Correlations of Palatability Ratings With Other Measurements (Table 18)

The apparent correlations of palatability with various measurements
have depended in many instances on the temperature extremes used in the
study. Greatest changes have taken place at 100°F, least at 0°F, and
rancidity development has been characteristic of the high-temperature
samples, so other changes such as color fading, oxygen depletion, peroxide
and free fatty acid development, have occurred as the rations became stale
and rancid., With omission of the 100°F samples at 6 years, correlations
thus became less definite and more variable in sign, as seen in Table 18.

Correlations with Hunter L or lightness became increasingly negative,
and with Hunter "a'" increasingly positive, through the first 4-5 years
wvhen the predominant color change was fading at 100°F, but both decreased
as some degree of darkening began to affect the 100° and 70° samples. As
seen in the data, all were non-significant at 6 years except the total
cracker <+ biscuit coefficients, and these changed sign, indicating that
the higher L values and lower "a" values (i.e., the lighter-colored items)
now tend to receive higher scores. This shift also influenced a/b and

"b" correlations in corresponding manner.

Correlations with headspace oxygen became less definite with increase
in leaking cans and with omission of the low-oxygen cans from 100°F.
Those with free fatty acids were also sharply influenced by omitting the
highly-hydrolyzed 100°F fats, and correlations with peroxide values also
became less definite with the tendency for peroxidation to extend down
the temperature scale. Thus at this stage there appears to be no objective
measurement from which probable acceptance or shelf life could be
estimated with any great degree of reliability. At this stage of age of
the rations, however, it is quite probable that a high peroxide or frece
fatty acid value would indicate the usef:l life of the ration is about
over, as the stability period of th fats seems to be about exhausted.
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B. The Carbohydrate Supplements

The carbohydrate supplements consisted of two flavors of hard candy,
lemon and cherry, mixed in equal parts in each can. The two types were
examined separately. Data and discussions are based on items and cans,
type variations being noted only where distinct differences were observed.
These included the data for Hunter Color and for the correlations among
palatability ratings and other measurements,

The candies were packed in bulk in the cans, average 34.7 lbs. per can,
with no lining or stuffing material. One banded packet of 20 kraft bags was
included in each can, lying on the top of the candy, The bags were made as
pouches by folding a 10%-inch x 3%-inch strip of kraft at 5 inches (leaving
a %¥-inch lip at the top) and sealing up the two sides with %-inch seams,
thus providing 3-inch by 5-inch internal dimensions,
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1. Condition of Candy Bags (Table 19)

Measurements of length of top lip and internal size of bags were dis-
continued after the initial and first two storage examinations. Bags per
can, width of side seams, and seam tests were determined on all examinations.

Bags per can. Counts of usable bags per can (some bags had hcles,
some were sealed only on one side) at 5 years, and cumulative counts for
all cans examined through 5 years, were as follows:

at 5 years All cans examined through 5 years
bags per can Range Mean

cnhll 20 21-16, 1 w/none 19.67
Cbh12 20.5 21-11, 1 w/none 19.35
CD13-14 20,38 21-19 20,03
All 20.29 21-11, 2 w/none 19.69

Width of side seams. Normal width of side seams is 04 (4/16 inch).
Widths of seams on bags examined at 5 years, and on all bags examined !
through 5 years, were as follows:

CD11 cD12_  Cpl3-14 All

at 5 years
no, of seams 320 328 326 974
range of widths 03-06 04-07 01 04-04
. mean width 04.43 04.44 04.00 04,29

through 5 years

no, of seams 3344 3372 3406 10122
range of widths 01-07  00-12 02-13 00-13
mean width 04,34 04,508 05.02 04.628

(cont)
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CD11 CD12 CD13-14 All

total less than 04: s o _ o
03 3.74 2,31 0.26 2.09
02 4.96 0.50 0.65 2.03
01 0.60 1.57 0.00 0.72
00 0.00 1,13 0.00 0.38
All 9.30 5.51 0.91 5.22

238 missing seams (00) not included.

Seam Test. The seam test was a measure of linear separation of seams
on a l-inch cross section of bag when subjected to a steady l-1b, pull for
5 minutes at 73°F/50% r.h. Data showing percentages of seams which partially
separated, mean linear separation of these seams in inches, and percentages
of seams which separated completely, for tests performed through 4 years and
at 5 years, are listed irn Table 19.

Although more partial separation was observed during the first two years,
and more complete separation during the last three, it seems questionable
whether there is any definite trend for changes in the bag seams. There were
some differences among items, as seen in the data of Table 19; the greatest
difference was between bags of CD13 (not sampled at 5 years) and those of the
other items. Through &4 years, CD13 averaged about 5.4% partial separation and
10.07% complete separation, as compared to 4.7% and 0.1% for CDll and 1.5%
and 0.3% for-CD12, respectively. Also, CD13 averaged higher at 40° and 0°F,
whereas CDll and CD12 had more separation at 100°F,

Total defective seams for the four items, as percentages of all seams
examined, were as follows:

CD11 CD12 CD13 CDl4
first 4 years 4.73 1.83 14.84 -
5 years 1.88 0.30 - 0.61
total 4,46 1.68 - -

Thus there is no indication that seam defects are increasing with storage:
both CI'l1 and CD12 had highest percentage defectives at 6 and 24 months
(averaging 7.9% for CDll, 2.7% for CD12), lowest at 12 and 60 months (1.2%
and 0.7%), witile CD13 averaged highest (20.8%) at 12 and 36 months, lowest
(10.9%) at 6 and 48 months.

2. Condition cf Candy (Table 20)

Characteristics of the candies which were considered not likely to be
affected by storage were not determined after the first year. These were:
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Ch11 CD12 CD13 CD14 Mean

Product weight lbs, 34,2 35.8 34.0 33.9 34,7
Piece count per 1b, 120 89 88 107 99
Count 7 per can, lemon 48.3 48.3 49,2 46.8 48.6
cherry 51.7 51.7 50.8 53.2 51.4
Unsanded, count % .08 .21 .01 .11 .10
Off-color, count % .02 .01 .06 .06 .03
Off-shape, count % c 1.1 2.9 2.0 3.1

Characteristics which could be influenced by storage and handling were
determined at every examination. Data on these for the 5-year inspections
are shown in Table 20.

Chipped Pieces. These were defined as pieces from which bits of
surface or corners were chipped off, but which remained at least 75%
intact. The general trend for increased chipping continued at the
fifth year. CDll, averaging 0.97% increase per year from l-4 years, was
1.1% higher than at 4 years; CD12, averaging 2.2% annual increase, was up
1.5%. CD14 was 1.6% above initial, as seen in Table 20.

As on previous examinations, there was no indication of a temperature
effect, although it is possible that the apparent "aging" effect is at
least partially a result of temperature variations within the storage
rooms. Handling of cases undoubtedly increases chipping, but cases
examined at 5 years had not been moved since 1966, so some factor other
than handling is apparently involved in the more or less progressive
increases,

There was, as usual, no consistent difference between lemon and
cherry types in CD1l; CD14 also averaged within 0.06% for the two
flavors. CD12, however, averaged 0,87 3+ .56% more chipping in lemon in 7
of § cans examined, although this item has exhibited no long-term
trend in this direction. As mentioned in the previous report (Tech,

Rpt. 156-V1-GES, June 1968), CD13 through 4 years averaged 7.4% chipped

cherry type, 5.8% chipped lemon type, cherry being higher in 68% of all
cans examined,

Broken Pieces. These were defined as anything riding an 8-mesh screen
which was less than 75% of a whole piece. They were calculated, however,
as count % whole pieces in excess of amounts required to restore chipped
pieces to normal weight. Thus the total count % of broken pieces and
bits was count % chipped X % weight reduction of chipped (footnote?, Table
20) + count % broken pieces.

CD1l was again low, as it was at 4 years; this item averaged about
1.0% excess broken bits through 3 years. The difference could have
resulted from the fact that the & and 5 year samples came from
locations in the starks which had not been shifted frequently, as had
samples taken through the third year. CD12 and CD14 were apparently
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normal for these items. CD12 apparently was chipped before packing in the
cans, so that it has never averaged enough loose chips to restore chipped
pieces to full weight,

Temperature differences remained variable, with no noticable trends.
Average differences between types were small, lemon averaging 0.13 = ,047
higher than cherry in CD1l and CD14, 0.10% below cherry in CD12, The
latter averaged 0.297 deficit in lemon chips, 0.05% deficit in cherry
through 4 years, so the 5-year results apparently followed no previously
established trend very closely.

Pieces Stuck Together. The counts for pieces of candy stuck together
were about '"average' for all items and conditions at 5 years, with the
exception of one can of CD1l at 70°F/80% r.h. This can had a large
clump, weighing 10 1bs 2 oz. containing an estimated 1212 pieces of candy
firmly stuck together. These weve about equally divided between lemon
and cherry, 1Ite-. CD11l has had one other canm, at 100°/80%, in which a
similar clump had apparently started to form, but was only loosely stuck
together when examined. 1In addition, there have been three firmly-sound
clumps of 39 pieces (70°/57% at 12 months), 42 pieces (100°/807% at 1§
months), and 42 pieces (100°/807 at 48 months), and several involving
10-20 pieces. The moisture content in this item has been quite variable,
and clumps apparently tend to form as a result of surface exchanges,
particularly in leaking cans.

In addition to the large clump of CD1l at 70°/80%, distribution of
c¢lumping at 5 years was as follows:

pleces per number of clumps
clump ¢pi1 co12 CDi& ALL
2 162 8 20 190
3 13 2 3 18
4 7 - - 7
5,6,10,14 1 each - - 1 each

There was no consistent association with flavor type, or with storage
condition except in CDll, in which the 0°/ambient ("wet") room also had
more clumping than did either of the 57% r.h. conditions,

Materjal Passing 8-mesh Screen. As usual, sanding sugar and bits
of candy passing the 8-mesh screen apparently varied only with cans and
items. CDll was below previous average (3.10%), CD12 slightly below
(0.59%); (D14 uas above iuitial (0.20%), which is the only previous data
for this item. As <ven in 7able 20, can diffcrences (largely CD11)
were much larger 't .ot rooms, probably associated with differences
in current or form.: . :%.:. of seams.

46




v o g v A TR AL e ey g s 4 e o R e s g

"9100 303 A(uo anyea je1jul,

*SUBIW WA} X03J IOUIAIJJVP u=-0uuu=uama

*SWOO2X U SWII} 203 2OUIIIJIJIP IuedIJIuBdyg

‘ae8ns Sujpuss sem (¥Iiajew sIYI jo uaoxw

*ued 3yl uy Supyoed axojaq $3031d paddiyo woaj papiedsIp sdiys> IEdIpUI sanievA aa}Ielau

ft3y3yem jwmaou 03 82231d paddiyd 2103891 03 paarnbaa sdyys jo sjuNoWE JOo SEIDIXRI U} IUNOD ST paIsEYIs3q
*A1an1322dsaa “‘Yg’'Z pue ‘u°¢ ‘0°62

poSeaaar swoll I3ayj Iyl 103 Iy3jam (ewaou WOIJ SUOTIONPIX {3JJO UIMjOaq YGZ UPUI IloW JOU YIIA $92914,

62°1 261°1 oL 9%° €L°¢ 10° 20C° 91° 6¢°- S1° U
SN YA Lo’ 12 SN 1z plt” SN 61° SN %S ‘°31p-udys
0s°1 - %0° ST 65°C 9%° - AN 61° 9L’ sued‘°3ip-pas
99°1 8L°2 9° 7 o'y 1Y 1%’ L1 €g’ 7’ que/0
[A . ¢ (4 8° 9° 9°2 €0° - €9’ Lae 1%°- 91° LS/0%
66° or° L’ £ 0°2 co° 9z L1 61°-~ T0° {s/0L
12°1 80°1 L 9° €°¢ 61°~ 9° 19 08° - ot 08/0¢
unu.ﬁ 6%°1 mAN.v 9° 1°t wnm. 6L uaod.v Lo°- L0°1 :82£ 9-0
:3M Xq jueoaad ' ysau-g Suyssed 119381 F3unod> Aq 3us335d ' gdn U35 03g sa591d
9L°1 2fC'C L” 60° 20°¢ €5°6 o16° 80°¢ 85°61 ¢6°S ueay
78°¢ p8L°Y SN SN SN S0°1 vmm.ﬁ SN 69°2 SN LS ‘°31p°ulys
£9°8 -- L rX A 7691 ye“e - SL” 7T eb8°C sued‘ “J1p Pt
89° €9° 60" 61° 8L°1 7L'8 8L° ¢ $°91 9°9 que/Q
e Ln° 8z° €0° 1L £6°6 o1°¢ 7€ 9°12 8°9 (S/0%
wy* 9s* 61° o1° £0°1 1e°11 TAYNY 6°¢ 9°%2 2°9 Ls/oL
0$°§ €e Lt %1° €£0° %€°91 [A 0] 9z°¢ 8°2 L°s3 6°S 08/0¢
3¢9° $6° uﬁua.v 80° 89°1 wnm.o €L°¢ ua¢.~v L) | i°t 1814 4-0
I3uNod Aq Juadiad ‘IaylaLdol RoON1§ s2933id 13UNOd AqQ 3U3d136 ‘quUUum paddiIyd)
sued sued -1 ¢/d,
ueap “31PTPIS 2100 ¢1a 1100 ueay “IIP°PIS HIAD <1ad 1100 uoy3jpuo)

SAVIA FALd AFIOLS IMIHATIANS TIVEAAHOGIVD 40 HOLLIANOD IVOISAHd

0¢ F14dVL

e

&7




A, T T

R

3. Appearance and Color (Table 25)

Sensory scoces for appearance and colur of the carbohydrate
supplements were obtained from the five judges of the technical panel
in the same manner as that described above for the cereal items. The
two attributes were scored very nearly the same (correlation +.882), so
are listed ay means for appearance-color in Table 25. Although
differences were not significant, samples of CD12 and CD14 from lower
temperatures were scored slightly lower because of a somewhat "duller"
appearance, particularly in the cherry type candy.

As seen in Table 25, all samples were scored lower than iritial,
by averages of 0.90 at 70°F and 1.10 at lower temperatures. CD12
averaged 0.65 below, the other two items 1.15 below. Initials were
relatively high, however; the 5-year scores averaged slightly above
those at & years, and only 0.20 below the second and third year scores,
for items CDil and Ch12. Thus the appearance of the supplements has
actually changed very little except at 100°F, the candies at other
temperatures having merely lost some of the original "brightness" which
is typical of this type of product.

4, Hunter Color Values (Tables 21 and 22)

Color values were deterwined on duplicate samples of 4-3 mesh bits
of candy, cracked by kand to prevent "dusting” of surfaces. The Hunter
Color Difference meter was set with 3§ Maize (L = 73.8, a = 1.4, b =
31.4) for lemon candy, NBS Kitchen Red (L = 28.7, a ~ 49.5, b = 18.1)
for cherry candy.

Hunter L Values, As on previous examinations, L or "lightness"
values were characterized more by can variance and varisnce among individual
pieces of candy than by any other factor. The lemon type of item CDl4
{Table 21) was very nearly the same in L value as was CD13 at 36 and
48 months, however, so some idea of trends as noted by taste panels may
be obtained by comparisons of S-vear values with those of 3 and &4 years.
In such comparison, CDll and CD14 decreased 1.05 # 1.45, CD12 decreased
2.35 # .70 units at 5 vears, These decreuses averaged 1.55 = 1,60 at
70° and O°F, 1.20 + .20 at 40°F, thus corresponding reasonably well with
the moderate "dulling" of color noted by the panel judges. The greater
decrease in CD12 may have been sssociated with the "poudered” sugar with
which this ftem was sanied--the humidity of the work room was about 5%
higher than usual when the samples were cracked and screened for color
readings, and the fine sugar coating of CD12 had some tendency to adhere
to the fresh surfsces during screening.

The cherry type of CD14 ‘Table 22) avoraged about 3.0 units lower
fn L value than CD13, so period comparisons for this type were restricted
to CD11 and CD12. Thase averaged sbout the ssme ss at 3 and & years,
#+ 1.50, being, however, 1.05 # .05 higher at 70°/8C%, 0.85 ¢ .50 higher
at 40°/57%, about the same # 1.40 at O°F, but 2,20 # .45 lower at 70*/ST%L.
CD1& averaged 31.9 units at 70°/80%, 28.1 # .5 st the other conditions.
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Thus some indication of the slight "dulling" at lower temperatures, and
lower humidities in the cherry type, is seen ev'n with the rsther
extreme variations in samples.

Hunter "a' Vslues. As with L value, the "s" or red-green component
of CD14 was apparently the same as that of CD1) lemon, allowing period
comparisons, but different from CD13 in the cherry type, CDl11 and
CD13 lemon averaged 1.0 + 1.4 lower than at 3 and 4 years, but CD12
lemon was 3.3 + 1.4 lower. CD12 was actually pale yesllow-pink instead
cf yellow-green, and there was no indication that the paler samples at
5 years were associated with storage--as seen in Table 21, ssmples ;
70°/80% and 40°/57% aversged 3.4 units lower than the other two, and :
these were largely responsible for the decrease in '"a' reading. The :
same could have been the case with CD1l although the prnel judges noted
dullness of color (slight increases in green effect may appesr as
dullness in the near-zero "a" range) in the samples from high humidity
conditiors,

The "a'" values of the cherry type, Table 22, could in each item
have represented storage differences or merely sample variations, as the
latter have been great enough to prevent estimates of any pattern except
the color degradation forwerly seen st 100°F. The lower values for CD1l .
at 70°F could have been due to slight fading, but chese averaged 2,75
units higher than st 3 and 4 vears. The 70°/80% and (°/amb. samples of
CD12 could have beer high huridity effect, but tley were not lower
than at 3 vears. CD14 had iower values at 40° snd 0°F, with no precedent
for this type of temperaturc effect--it seems quite probable that
differences in red color of the cherry type samples were simply product
variations.

Hunter 'b' Vilues. 1Ire "®" unit of the color meter was the defective
part which was repaired during the fitih year, so there seems licttle point
in comparing the S-year results with those of 3 and 4 years. The dulling
noted in the iower-tcmperature lemon samples is easily seen in the "d"
values of Table 21, however, as cthe O°F value of CD1l and both the 40°
and 0° values of CD12 and CD13 zre loner. As noted for the s valdes
of the cherry type, the '"d" readings ‘T-ble 22) probably represeant sample
variations, as there is apparently no definite tempersture pattern.

Hunter a/b Rativs. As scea {n the tables, the a/b ratics are apparently
not associated with storage differences. The ratios for lemon candy do
fndfcate the predominant appearance of the items -pale green-vellow for
CD11 and CD13, pirk-yeliow for CD12. The cherry types can only be descrilad
in terms of all color characteristics--CDll a moderate (L = 30.6) purple-
ved (“chroms™ 12.6, "hue" 3.0), CD1) similar dut having more intensity
1, « 29,0, chrems 18.5, hue 4.3), wvhile CDI2 s a brighter, "redder” {tem
‘L @ 43,5, chrema 19,7, hue 1.8) lacking the purple overtone. These are, .
hovever, manufscturers  variaticas--apparently the 100°F temperature hes
been the only significant storage in{luence on the celor of the supplesents. .
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5. Moisture Content (Table 23)

Moisture was determined as loss of weight on heating 20-mesh samples
24 hours at €5°-70°C with pressure about 30mm Hg.

Although the data of Table 23 indicate significant differences among
storage conditions for moisture content of CD11 and CD14, with the 40°/57%
condition averaging higher than the others for mean moisture, it is
probable that the differences resulted from can oc case-lot variance,
There have been other significant differences among conditions over the
five years of the study, but they have been quite inconsistent from pericd
to period. The 40°/57% condition has averaged 1.71% overall, with 1.63%
at 70°, 1.61% at 0°, and 1.57% at 100°, but each condition has varied from
highest to lowest at various periods,

A general summary for levels and variations in moisture during the
study is as follows (with CD1l4 sampled only initially and at 5 years):

lemon cherry cans rooms periods
% % std.dev, std.dev, std.dev.
o + +
CD11 1.69 1.65 .25 .34 .28
CDh12 1,51 1.51 .06 .08 .13
CD13 1.75 1.62 .10 .08 .17
CDl4 2.13 2.15 .08 .06 -

There has been no significant difference between leakers and non-
leakers, and as seen, the variance has been largely in CD1l, with a small
but fairly consistent type difference in CD13, Apparently formulation and
cooking have been the determining factors in moisture content.

6. pH Values (Table 23)

pH values were determined with the customary glass-electrode pH
electrometer, using 1 -+ 1 solutions of candy prepared with demineralized
water, Although values through 4 years appeared to be following a
downward trend, the 5-year values shown in Table 23 for CDl1l and CDI2
are fairly close to the 2-4 year averages for 70°F and below (6.07 for CD11,
6.57 for CD12). By conditions, differences between 5 and 2-4 years
averaged -,23 + ,36 at 70°/80%, -.01 & .2V at 70°/57%, and +.11 4+ .29 at
40° and 0°F, Thus fluctuation appears to be the chief characteristics of
the 2-5 years data on pH. There was no indication of consistent difference
between 100° and 70°F through &4 years, but the 5-year values suggest that
there may be a slight reduction at 70° as compared with lower temperatures,

There have been no significant differences in pH of lemon and cherry
types of candy, even though the cherry type of CD1l averaged .22 higher
than the lemon at 5 years, pH was negatively correlated with moisture
content in both lemon (-.701) and cherry (-.526) types as a whole, but no
single-item correlation was as large, Thus there appears to be no temperature-
moisture-pH relationship which might tend to increase hydrolysis of the
sucrose content of the candies more than slightly.
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TABLE 23

MOISTURE CONTENT AND pH VALUES FOR CARBOHYDRATE
SUPPLEMENT STORED FIVE YEARS

Condition CD11 CD12 CD14 std.dif. Mean

°F/% r.h. cans

Moisture Content, percent:
Initial 1,52 1.34 1.55 .21 1.47
70/80 2.03 1.69 2,21 .43 1.98
70/57 1.73 1.66 2.07 .08 1.82
40/57 2.49 1.65 2,17 .02 2.11
0/amb 1.60 1.66 2,12 07 1.79
std.dif.,cans .37 .05 .08 - 4 .22
sign.dif., 5% .60 NS .11 .23 .20
Mean ' 1.96 1.67 2.14 .12P 1.92
: pl Values: f’

H Initial 6.55 6.70 6.40 .10 6.55
! 70/80 6.07 6.29 5.95 .08 6.10
: 70/57 6.12 6.38 6.01 .05 6.17
40/57 6.23 6.55 6.04 .07 6.27
0/amb 6.23 6.62 6.03 .03 6.29
std.dif.,cans .05 .07 .06 - .06
sign.dif., 5% .10 .14 NS .09§ .06
Mean 6.16 6.46 6.01 .05 6.21

§Significant difference for items in rooms.
Significant difference for item means.
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7. Sugar Contents (Table 24)

Sugars were determined by the official Lane-Eynon general volumetric
procedure, with acid inversion at 73°F (Association of Official Agricultural
Chemists, Washington, D. C.). Reducing sugar titrations were corrected for
sucrose effect as directed by Fitelson (J. Assoc. Off. Agr. Chem., 1932,

p. 624). All results were calculated on a dry weight basis.

Reducing Sugars as Dextrose. While the dextrose values given in
Table 24 average about 1,0% higher than previous means at 70° and 0°F,
they were not above previous high values, and the 40°F values averaged
about 1.0% below previous highs, There was nothing to indicate any
definite storage effect in these temperature ranges, the 70° and 0°
samples being closer together than to the 40° samples in both CD1l and
CD12. The pattern in CDl4 could indicate a small amount of hydrolysis
in the 70°/80% sample (i.e., higher reducing sugar and moisture-content,
lower pH and sucrose content) but differences observed were within the
range of can variations, and the pattern was not observed in the other
two items.

Sucrose., The averages for sucrose were about 1.57 above mean levels
at 70° and 0°F, and 2.5% high at 40°F, The 70° and 0° values were not
above previous highs, however, and the 40°F average was only 1.0% above,
corresponding to the 1.0% reduction below previous high values for
dextrose. These relationships suggest (a) that all of the sugars
determined at 5 years were perhaps slightly higher than "average' as
a result of variation in laboratory procedure, and (b) the 40°F sample
of CD1l was simply lower in dextrose and higher in sucrose as a normal
sample variation., There were only small differences in either dextrose
or sucrose among storage conditions for CD12, and dextrose and sucrose
were negatively correlated in CD1l and CDl4, regardless of temperature,
again suggesting sample differences as the primary source ot variance.
CD14 sucrose was lower by about the same amount as the increase in CDl4
reducing sugar, in accord with the suggestion of possible hydrolysis in
this sample.

Total Sugars. The values for total sugars of Table 24 are, of
course, the sums of values for dextrose and sucrose., Comparison of
standard differences listed for duplicate cans will indicate that
variations in the two types of sugars tended to be somewhat 'complementary"
(i.e., higher dextrose matched with lower sucrose) in CD1l, but less so
in CD12, in which the variations in sucrose appeared to be predominant.
Room differences for CD12 averaged a uniform 0.3% for dextrose, sucrose
and total sugars; and for CDll room differences averaged l.l1% for dextrose
and total sugars, 2.2% for sucrose. Thus sucrose variation among cans
and samples appears to be the predominant source of variance in these
items,

The pattern for CDl4, however, is definitely a complementary or

"{nversion" type, with can differences of .69% and .77% for reducing
sugars and sucrose but only .17% for total sugars. Room differences for
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CD14 were .72% for reducing sugars, .54% for sucrose, .197% for total
sugars. Thus, while no definite temperature effect is statistically
demonstrated (can and room variances about equal), the predominant
difference appears to be the amount of reducing sugar vs sucrose included
in a relatively constant content of total sugars. The higher moisture
and lower pH of the 70°/80% candy of CD1l4 could, therefore, be associated
with increased inversion in this sample,

Dextrose/Sucrose., The ratios seen in Table 24 follow the patterns
discussed above, indicating more or less heterogeneous contents of
dextrnse and sucrose in CD1l, uniform contents in CD12, and a possible
inversion pattern (associated with temperature, pH and moisture) in CD14,

The general appearance and other sensory characteristics of the candies
also suggested that no significant patterns of sugar changes had been
established in the samples stored at 70°F and below, Previous observations
of samples stored at 100° definitely suggested some degreec of inversion
and quite a significant amount of change in crystal structure, with
possible involvement of breakdown reactions at this elevated temperature.

No such changes were observed in the current examinations of candies stored
at 70°, 40°, or O°F,

8. Sensory Scores: Texture, Aroma and Flavor (Table 25)

Scores were assigned by the five-member technical panel in the manner
described for cereal items (Section III.A.3.).

Texture. As seen in Table 25, texture scores for the hard candies
ranged 7.5-7.8, with no significant differences for any factor, The
scores averagzed .71 # .18 below initial, .59 I .17 below previous highs
for periodic examinations, and .03 i .13 below previous averages for each
of the four storage conditions, In short, texture of the hard candies
was scored 7.6 ¥ .1, the only significant variance being that amoug judges,
.53,

The average 1t 100°F through 4 years was 7.5, so storage apparently
has had practically no influence on texture except a mean decrease of
about 0.7 scale point from initial scores. It seems doubtful if this
decrease was actually associated with storage, the more likely reason
being that the judges simply scored the new product somewhat higher than
their real opinion of it for routine use--the candy is hard to chew,
which must be done for texture evaluation.

Arcma. Table 25 shows the variations of aroma scores with time and
temperature of storage. Values given average 1.00 3 ,24 below initial
at 70°F and 0.40 # ,32 below initial at lower temperatures, the chief
reason for decreases being listed as loss of fresh aroma, Decreases
from previous storage averages were 0,72 i .39 at 70° and 0°F, 0.46 & .32
at 40°F, with average decrease from previous low scores of 0,05 4 .39 for
all conditions. As the 4-year average at 100°F was 4,57 i .44, with "ofI"
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or "terpene' aroma noted, a clearly defined difference in stability of
aroma at 100°, 70°, and the lower temperatures is evident., Although
judges did not agree very well (+ .85) on extent of loss of aroma, there
has been no significant development of off aroma at 70°F,

Flavor., Decreases from initial flavor scores averaged 0.93 + .10
at 70°/80%, 0.48 + .41 at 70°/57% and 40°/57%, and 0.27 + .50 at O°F,
Off flavors were noted in the 70°/80% sample of CD12 and in both of the
70° samples of CD14. These were the first significant mention of off
flavors at 70°F, at least of the "terpene" type of flavor which resulted
in reduction of 100°F samples to a score of 5.22 # ,17 at 4 years. Scores
in Table 25 averaged 0.25 #+ .39 above previous lows and 0.31 # .30 below
previous averages Zor the four conditions shown, with a fairly large judge
deviation (# 1.49) and a can difference of 0.52, Thus the general
pattern appears to be one of variation among cans rather than damage €from
storage--70°F samples averaged 6.85, 40° and 0° samples 7.25, which are
only about 0.10 less than the 3-4 year averages at these temperatures.

9. Hedonic Ratings: Aroma, Flavor and Palatability (Table 26)

The hedonic evaluations of the supplements were made in the manner
described above (Section III.A.9.), several pieces of each of the two
types of candy being presented as each coded sample.

Aroma, The aroma ratings given in Table 26 averaged 0.14 + .24
less than initial but 0,21 %+ .19 more than previous ratings at 70°F, with
increase of 0.11 + .24 above initial and 0.28 + .15 above previous ratings
at 40° and 0°F., Judge variance was + 1.18, but comments indicated the
disagreement involved estimates of the amount of aroma loss, with no
mention of off or ''terpene' aroma. When compared to the 1.08 + .29
decrease in aroma in 4 years at 100°F, it is apparent that storage for
5 years at 70° and below has had relatively little effect on the aroma
of the supplements, ‘

Flavor. Flavor ratings averaged 0.79 i+ .18 less than initial at
70°/80% and 0.58 3 .29 less at the other conditions. Slight "terpene”
off flavor was noted in the 70°/80% sample of CPl2, other decreases bein-
predominantly for lack of fresh flavor. The 6.67 mean rating of the
CD12 sample indicates that thc "terpene" flavor was slight, 100°F samples
averaged 1,35 + .35 under initial at &4 years because of this off flavor,
while the present sample was down only 0.57, or abcut 0.3 more than other
70*/80% samples were marked off for loss of flavor. In compsrison with
previous ratings, CDll and CD12 averaged 0.06 + .21 lower, but CD14 was
0.35 #+ .15 sbove the avera:> which had been established for CD13
through the first four ye:s s. Obviously, with ratings ranging 6.67-7.40,
average 7.02, none of the samples were serfously affected by storage,
although a judge variance of + 1.19 indicated some disagreement as to
how much flavor had been lost.

Palatability. The ratings given in Table 26 averaged 0.49 # .12

below inftial, with 1{ttle difference among storage conditions. As the
4-year retings for 100°F samples were 1.30 # .21 below initial (candies




TABLE 26

HEDONIC RATINGS FOR CARBOHYDRATE SUPPLEMENTS STORED FIVE YEARS

Condition Chll CDh12 Ch14 std,dif, Mean
°F/% x.h, cans
Aroma:
Tnitial 6.88 6.76 7.28 - 6.97
70/80 6.43 6.90 7.00 .22 6.78
70/57 6.50 6.85 7.32 .25 6.89
40/57 6.80 7.15 7.40 .09 7.12
0/amb 6.62 7.18 7.33 .15 7.04
std.dif.,cans .16 .22 .17 - .19
sign.dif., 5% .25 NS .33 .30 .17
Mean 6.59 7.02 7.26 .15P 6.96
Flavor:
Initial 7.76 7.24 7.97 - 7.66
70/80 6.77 6.67 7.13 .27 6.86 .
70/57 6.85 6.88 7.40 .32 7.04
40/57 6.85 7.00 7.40 .10 7.08
0/amb 6.78 7.10 7.40 .30 7.09
std.dif.,cans .25 .30 .23 - .25
sign.dif., 5% NS NS NS .az; .22
Mean 6.81 6.91 7.33 .20 7.02
t Palatability:
i
i
Y Initial 7.48 7.40 7.85 - 7.50
L 70/60 6.87 7.02 *.25 .08 7.8
| 70/57 6.82 7.02 7.47 15 7.12
! L0/57 $.98 7.03 7.3 .05 7.13
3 0/amb 6.80 1.0 .26 .22 7.08
k std.dif. ,cans .05 .13 .19 - &
sign.dif., S .09 xS NS .13; xS
Hean 6.8? 7.04 .37 A1 7.08

'Slgn(ﬂcan: difference for ftoms in voms.
Significant difference for (tex mesn:.

T T T T
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were dropped at 100°F primarily because of degradation of color), storage
at 70°F and below has had little adverse effect on acceptability of the
supplements., The 5-year ratings for CDll and CD12 were 0.0 + .20 above
previcus levels, while CD1l4 averaged 0.45 + .17 above the mean rating of
CD13 through 4 years (initial ratings for CD14 were 0.18 + ,07 above those
for CD13). Judge variance for palatability ratings was # 1.10, indicating
some difference in individual rating levels, as the standard difference

of can means was only 0.14 and the total range of condition means only
0.22 within any single item,

In general, the hedonic ratings for carbohvdrate supplements at 5
years indicate that this product will probably remain acceptable for
several more years at moderate to low storage temperatures.

10. Correlations of Palatability Ratings and Other Measurements (Table 27)

With omission of the 100°F samples, thereby eliminating the primary
source of storage differences as well as 1/3 of the degrees of freedom,
it is not surprising that the number of statistically significant correlations
among the 228 shown in Table 27 dropped from 72 at 4 years to 48 at 5 years.

As seen, there were indications of preference for the brighter samples
of the lemon candy and the redder samples of the cherry type, for candies
with higher moisture and sucrose, lower pH, dextrose and total sugars.

But high moisture, lower pH, and lower dextrose would not normally be an
expected combination, so the entire pattern probably was influenced mainly
by the fact that low-temperature samples usually scored higher. 1In
addition to being quite 'scattered', there was a somewhat surprising lack
of correlation between palatability ratings and sensory quality scores.

The general correlation of higher moisture with lower pH would be
expected to result in higher dextrose and lower sucrose, yet these were
both positive and negative among the various items with respect to moisture.
Lower pH per se did seem to be associated with higher dextrose and lower
sucrose, but the overall pattern was too inconsistent to support any
definite conclusions.
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SUMMARY AND CONCLUSIONS

Civil Defense shelter rations from four procurement lots of crackers,
three of biscuits, two of wafers, and three of carbohydrate suppiements
were partially examined (cans, color, flavor, rancidity values) after
storage for 67-70 months variously in six controlled conditions at 100°,
70°, 40° and 0°F, Based on these '"preliminary" results, which confirmed
results of the complete examinations which were made after five years,
samples stored at 100°F were eliminated from further study and a full
set of samples remaining at 70°F and below was reserved for examination
after seven years of storage., Remaining available samples were then
scheduled for examination after six years.

The sixth-year samples included two lots each of crackers, biscuits,
and wafers from 70°F/30% r.h., 70°/57%, 40°/57%, and 0°/ambient r.h. in
the storage study, and two samples of crackers and five of biscuits
which had been held 2-3 years at 70°/577% after removal from various
wvarehouses in a2 previous sampling sur - . Also included were two lots
of carbohydrate supplement from the storage study and one lot which had
been stored with the study items but not .xamined since initial., All
supplement samples had been stored five yecz»- from March 1964,

Results of examinations of the V3c {iberboard cases, 2%-gallon and
5-gallon metal cans, ration packaging materials and candy bags, and of
the individual cereal and supplement rations in two cans from each
storage condition ave givea in detail. Brief comparisons with results
of previous examinaticns are frequently included.

I. Fiberboard Cases

1. Bursting strength of fiberboard averaged 23 + 18 psig below initial
after 5-6 years at 70°F, but remained 40 % 17 psig above initial after
the same periods at 40° and O°F. Decreases had averaged more than 150
psig after five years at 100°F,

2. Moisture content of the fiberboard averaged 10.9 + .27 at
70°/80%, 7.6 = .3% at 70°/57%, 8.9 % .1% at 40°/57%, and 13.2 & .7%
at 0°/amb, Moisture was not significantly correlated with bursting
strength,

3-4, General condition of cases remained satisfactory for continued
storage. '

11, Metal Cans

1. Residval oxygen in crackers and biscuits, for non-leaking and
leaking cans, respectively, averaged 11.6 4 2.1% and 15.4 + 4.7% at
70°F, 15.6 4 2.9% and 19.5 4 2.5% at 40°F, and 19.6 ¥ .8% and
19.1 + 2.4% at 0°F., Wafers, all non-leakers, averaged 1.8 + 1.1%,

3.2 + ,8%, and 15,5 + ,7% at the three temperatures., Previous leaking
of some "non-leaker" cracker and biscuit cans was suggested by
relatively high values.
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2. All except one (95%) of the 2%-gallon cans examined were leakers.
Four of the eight S5-gallon can items had no leakers with 177 leakers in
one item, 33% in two, and 50% in one. All leaks were attributed to
defective seams.

3. Coating defects as abrasion averaged 0.4 #+ .2 (0-9 scale) on
2%-gallon cans; unevenness, abrasion, and loosening by corresion on
5-gallon cans averaged 1.3 + .5 at 70°/80%, 0.9 + .3 at 70°/57% and
40°/57%, and 0.70 + .3 at 0°F.

4, External corrosion averaged 1.7 + .7 (0-9 scale) at 70°/80%.
At 70°/57% and the lower temperatures, averages were 0.3 + .2 for
2%-gallon cans and 0.8 + .5 for 5-gallon cans. Internal corrosion
averaged 0.7 # .3 in 2%-gallon cans, with 1.0 + .3 at 70°F and 0.8 + .3
at 40° and 0°F in 5-gallon cans, Most corrosion was located where
products touched can walls.

I11I. The Rations
A, Cereal Items.

1. Broken packages varied with quality of wrapper and type of pack;
three warehouse items with heavy waxed paper had no broken packages, and
the heavy paper of biscuit CD2 and moderately good wrappers of the
compactly-packed wafers averaged only 1.4 + 1.4% breakage. Three cracker
or biscuit items with moderately heavy wrapping material averaged
9.5 + 12.3%, about equally broken seals and torn corners but with 6.7%
of the breakage from 0°F. Four cracker or biscuit items wrapped in
fragile "glassine'" averaged 56.1 % 22,0%, 39.8% of which was torn
packages from the 57% r.h, conditions.

2. Product breakage varied with type of product, packing, and with
brittleness after baking in the crackers and biscuits. Four cracker or
biscuit items averaged 9.8 + 3.7%, 7.5% being score-line separations.

One cracker and one biscuit item averaged 19.1 # 6.7%, 11.0% being score-
line. Cracker CD8 and the wafers averag2d 26.2 + 7.8%, the cracker being
21.2% unit breakage but wafers almost entirely crumbled edges. Three
warehouse items averaged 34.3  3,1% and one 49.5%, about equally score-
line and unit breakage for the four items.

3. Appearance and color scores (10-1 scale) averaged within 0.3 #+ .3
of previous scores, about 0.6 under initial, because of slight glazing
of surfaces and very slight dulling or darkening. Storage differences
were non-significant for these and for texture scores.

4, Hunter Color values indicated all rations had slightly more ''glaze"
on the surface than when initially examined. The darker items were still
somewhat lighter (increased L value, decreased "a' value) than when baked,
but all items had darkened slightly during the last two years of storage.
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5, Fracture strength ranged about 1000-2600 grams per unit by items,
and was apparently related only to degree of baking and other item
characteristics. :

6. Moisture content ranged 1.6-3.47%, mean 2,6% in crackers and
biscuits, and averaged 3.96 4 ,15% in wafers. Moisture levels were
apparently related cnly to item characteristics,

7. Peroxide values averaged 3.8 # 1.4 m-eq. from O°F, 8.6 #+ 6.4
from 40°, and 15.8 + 8.6 from 70° storage, Crackers averaged 15.7 + 8.4,
biscuits 12,5 + 9.0, wafers 6.9 + 5.9, Free fatty acids averaged
0.33 # .11% from 70°F and 0.29 % .11% from lower temperatures, item
means ranging 0.17-0.46% as a result of varying stability of fats
used in manufacture,

8. From initial mean of 6.7 + .9, aroma and flavor scores by the
technical panel dropped to 5.5 + .6 at 70°F and 6.3 4 .6 at 40°,
averaging 6.7 + .5 at 0°F. Product averages of 6.0 for crackers and
biscuits, 5.6 for wafers, have changed relatively little since the
fourth year at 70° and below.

9. Hedonic ratings for aroma, flavor &nd palatability dropped
from initial mean of 6.1 + .7 to means of 5.4 + .7 at 70°F and
5.8 + .6 at lower temperatures. Aroma and flavor ratings averaged
5.1 + .4 for crackers and wafers, 6.0 + .6 for biscuits; palatability
means were 5.2 4 .3 for crackers and wafers, 6.4 + .4 for biscuits.
From fourth-year ratings at 70°F crackers decreased about 0.5,
biscuits and wafers averaged no change, while from ratings at lower
temperatures crackers and wafers decreased about 0.2, biscuits gained
0.5.

10. Palatability ratings were correlated with residual oxygen and
peroxide values in biscuits; other correlations were poor or
nonsignificant.

B. Carbohydrate Supplements

1, Seams of candy bags averaged about 1,57 partial separation and
0.2% complete separation over 5 years, with no indication of increase
at the fifth year.

2. Chipping of candy continued the ca 1.3% annual increase,
mostly in one item., Additional breakage was negligible, loose sanding
sugar and bits of candy averaged the usual 1,3%, and sticking together
of pieces averaged the usual 0.5% excepting one can with a 10-1b clump.

3. Appearance-color scores averaged 1.0 below initial, but ouly 0.2
below the 2-4 year average; color is apparently stable at 70°F and
below,

4. Hunter Color values were characterized mainly by can variations,

although some slight "dulling" of color was indicated by reductions in
L value.

65

I S Tl AR SN U ks T Fg e




S .|

5. Moisture content ranged 1.6-4.5%, mean 1.9%, with no significant
variance other than that associated with items and cans.

6. pH averaged 6,14 + ,16 at 70°F and 6.28 + .23 at 40° and O°F.
One lower-moisture item (1.67%) averaged 6,46, two higher-moisture items
(2.05%) averaged 6.08.

7. The item with moistuic 1.67%, pH 6.46 averaged 16,77 dextrose,
66.4% sucrose, D/S ratio 0.252. The two items averaging 2.05% moisture,
pli 6.08, averaged 18.9% dextr-cse, 64,4% sucrose, D/S ratio 0.294. There
was, however, no indication of hydrolysis of sucrose associated with
storage temperatures, and periodic variations have been too great to
afford any definite association of hydrolysis with storage time.

8. Texture scores averaged 7.6 + .1, 0.7 4 .3 below initial, with
no variation associated with storage. Aroma scores averaged 6.4 + .4
at 70°F and 7.0 + .5 at lower temperatures, from initial 7.4 + .2.
Flavor scores averaged 6.9 # ,4 at 70° and 7.25 #+ .22 at 40° and O°F,
from initial 7.6 + .3. Reductions were attributed to slight loss of
fresh aroma and flavor,

9. Hedonic ratings averaged 6.83 + .31 at 70°F and 7.08 # .28 at
lower temperatures for aroma, 6.86 #+ .20 at 70°F/80% r.h. and 7.07 & .25
at other conditions for flavor, and 7.09 # .22 at all conditions for
palatability, Item variance was + .24, decreases from initial averaged
0.283 + ,27, but 5-year ratings averaged 0.15 above the general average
of the [irst 4 years. Storage at 70°F and below has apparently had
little effect on the carbohydrate supplement.

10. Correlations of palatability ratings with other measurements

were generaily poor, offering no apparent method of estimating quality
other than by sensory evaluation.
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